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INTRODUCTION

SECTION I

The predection signal-to-noise ratio of radio receiving systems
whose antennas are impedance matched to the transmission line
between the receiver and the antenna is usually limited by receiver
noise at frequencies above 100-200 MHz and by antenna external noise
at frequencies below 100-200 MHz. (1) (2) However, when there is a
large impedance mismatch at the antenna-transmission line interface,
predetection signal-to-noise ratio can be significantly reduced
because of decreased available signal power at the input to the
receiver and increased noise factor of the receiver. Available
power is defined as the power which would be delivered to a load if
the load were set equal to the conjugate of the source impedance.
Noise factor is a measure of the signal-to-noise ratio at the input
to a linear two-port network relative to that at its output when the
input available noise power is equal to the reference noise power.

The available signal power at the input to the receiver is a
function of the transmission line efficiency. (The efficiency of a
two—port network is defined as the ratio of the available powers at
its output and input ports, respectively.) The efficiency of a
transmission line is decreased by orders of magnitude, fram that
resulting fram the ordinary exponential attenuation loss, when its
characteristic impedance is appreciably different fram its source
impedance and the line is also sufficiently long with an attenuation

(3)

coefficient greater than zero.

The noise factor of the receiver, as in any linear two—port
network, increases with increasing difference of its source
impedance fram its design source impedance (usually 50 ohms if fed
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by a transmission line with 50 ohm characteristic impedance) for
(4),(5)

minimum noise factor This property is a consequence of the
equivalent circuit representation of any two-port network with
internally-generated noise by a camplex noise current generator and
a camplex noise voltage generator in parallel and series,
respectively, with the noise-free t:wo-port(5 ). Consequently, a
large impedance mismatch at the antenna—-transmission line interface
may cause the receiver's source impedance to be substantially
diffferent fram 50 ohms and consequently may cause an appreciably

increased noise factor of the receiver.

The effect of antenna impedance mismatch on signal-to-noise
ratio is of particular concern for radio receiving systems with
electrically-small antennas. The transmission line usually has a
naninal characteristic impedance of 50 chms whereas an
electrically-small antenna has a camplex input impedance whose
resistive camponent is much less than 50 ohms and whose reactive
canponent is much greater than 50 ohms.

This paper investigates in detail the effects of antenna
impedance mismatch on the signal-to-noise ratio of radio receiving
systems. In Section 2, the theoretical model is developed with the
assistance of Appendix I. Numerical results are given in Section 3
for a VHF-FM receiving system with an electrically-short monopole
antenna. The numerical results are obtained fram a camputer program
described in Appendices II-IV. The conclusions are given in

Section 4.
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SECTION 2

THEORETICAL MODEL

2.1 Margin Parameters of a Radio System

With reference to Figure 1 the predetection system margin
M(d,ri) (in dB) of a radio system, for a propagation path distance d

and message quality i, is given by
S(d)

M(d,ri) = PT - L‘N,T + Gp - Lb(d) + D, - N- Rr(ri) (1)

where
s(d)

1}

available signal power at the output terminals of the
equivalent lossless receiving antenna (dBm)

P, = transmitter carrier available output power (dBm)

LN T = insertion loss of transmitter transmission line
! (including reflection losses, if any) (dB)

Gp = transmitter antenna gain (including ohmic losses of
matching network, if any) (dB)

=

UA
o
|

= basic transmission loss of propagation path (dB)
DR = directivity of the receiving antenna (dBi)

N = system available noise power referred to the output
terminals of the equivalent lossless receiving
antenna (dBm)

Rr(ri) = required predetection signal-to-noise ratio (dB)

The convention is followed that capitalized margin parameters are in
units of dB whereas uncapitalized margin parameters refer to their
numerical values., In Figure 1, the signal-to-noise ratio, referred
to the output terminals of the equivalent lossless antenna, is equal
to the receiver's predetection signal-to-noise ratio.
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envirommental noise in rural, residential, and business area
locations. The system cawprises a monopole antenna of 10 in. length
and 1.4 in. diameter, a matching network solenoid of 1.5 in. length
and 0.5 diameter, a P-I-N diode switch of 0.25 ohms series
resistance, a 10 m length of RG-58/U coaxial transmission line, and

a receiver with noise parameters fo =5 and r, = 100 ohms.

The camputer printouts of program SONF are given in Appendices
IV A and IV B for the above case with and without a matching

network, respectively.

The receiving system noise and available loss factors of
Appendix IV are summarized in table 1. The modulus|1;| of the
voltage reflection coefficient, at the transmission line-antenna
interface looking in the direction of the antenna is |I}| =
0.9966-0.9991 without a matching network and |I;| = 0 with a
matching network over the frequency range 88-30 MHz. 1In the
presence of a matching network, the system operating noise factor
<f> is approximately equal to the antenna external noise factor
<fa>. However, in the absence of a matching network, the system
operating noise factor is appreciably larger than the antenna
external noise because the product frln,r >> <fa> where fr is the
receiver noise factor and ln,r is the transmission line available
loss factor. The factors f_and ln,r are 2,7-4.5 and 132-6083 times
larger, respectively, in the absence of a matching network than with
a matching network over the frequency range 88 to 30 MHz. The large
increase in the available loss factor ln,r implies a correspondingly
large decrease in the available power efficiency of the transmission
line [see Eq. (C-1) of Appendix I]. The efficiency, of a
transmission line whose attenuation coefficient is non-zero,
decreases significantly when its characteristic impedance is
appreciably different fram its source impedance and is also
sufficiently long'>) [see Eq. (II-1) and Eq. (I-48) of Appendix I].
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SECTION 3

NUMERICAL RESULTS FOR A VHF-FM RECEIVER WITH AN ELECTRICALLY-SHORT
MONOPOLE ANTENNA

The effect of antenna impedance mismatch on the operating noise
figure of a radio receiving system is numerically evaluated in this
section for the case of a VHF-FM receiver with an electrically-short
monopole antenna. For such a case, in the absence of a matching
network, the real part of the antenna input impedance can be of the
order of one ohm or less and the imaginary part can be of the order
of several hundred ohms or more. Therefore, the antenna presents a
large impedance mismatch to a 50 ohm transmission line. When matched,
the VHF-FM receiving system is generally limited by external environmental
noise which may be two or three orders of magnitude larger than
receiver noise. Consequently, such a case is a severe test of the
effect of antenna impedance mismatch on the system operating noise
figure.

Numerical evaluation of the theoretical model of Section 2 for
the above case was facilitated by the MITRE computer program SONF
(System Operating Noise Figure) described in Appendix II. A
description of the program including tables of input variables,
constants, derived output variables, and numerical values of the
input variables are given in Appendix IIA. The program files and
listing are given in Appendices IIB and IIC, respectively.

Numerical values of the table II-4 input parameters to program
SONF are derived in Appendix III for the case of a VHF-FM receiving
system with an electrically-short monopole antenna., Numerical
values are calculated at 30, 50, and 88 MHz for man-made

17
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The receiver noise factor fr has a minimum value fo for a source
admittance Yg = Yo' Most receivers are designed to have a minimum

no
noise factor f  for a source admittance yq = 1/ Re(z, ). For such a
condition,
g _ =1/Re(z_)
no or - -
o ' fr = fO for Yg = l/Re(zor) (26)
no

For the conditions of Eq. (26), the receiver input impedance is
generally not matched to the characteristic impedance of the
transmission line.

For the conditions of Eq. (26) and with reference to Egs. (24)
and (25), the receiver noise factor f_ increases with increasing
impedance mismatch of the antenna to the transmission line.

For |I |= 0, f_ = f_ whereas for

1;|= 1, £, < £, <%, In

particular for the casell;|= 1,

f d — o
o' %rr

lim fr = ,,l; =1 (27)
d —0
o0, ‘yr r
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2.5 Receiver noise factor

The receiver noise factor fr is a function of the source
admittance yg Seen by the receiver looking back at the transmission
line (see fig. 2) and consequently is a function of antenna

impedance mismatch. The source admittance y s is given by

1 1 - 1; exp (—Z‘Yrdr)

Y. T —
s Z, 1+ ]; exp ( 2‘}’rdr) (24)

where Z ot 1']',_,, Yypr and clr are defined in fig 2.

The receiver noise factor f., for an arbitrary source admittance
yg at an ambient temperature equal to the reference temperature
t ofs is given by Eq. (I-53) of Appendix IE as

f}'_ - = J
!_n- ,‘-.'.‘(ﬁ'
r N
n 2 S TR
£ . =f + s - (25)
r "o Rely]) Ys T Yno '.;qiz
DERGN
where Y
. . . . . ZNNEN
f = minimum noise factor of receiver for an ssible Rt
[o] b oyt
source admittance Y at an ambient temperature equal E-_.-::.-j:.-j
to the reference temperature t ... B
= ) = irical receiver noise
Yno = 9no t ano complex emp 1 receiver s

parameter with the dimensions of admittance (mhos).

r. = empirical receiver noise parameter with the
dimensions of resistance which accounts for the
sensitivity of the receiver noise factor to receiver

source impedance (ohms).

14
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The voltage reflection coefficient f; is given by

I;. = (zr - zor)/(zr + Zor) (20)

The input impedance z,. to the antenna circuit, including the
matching network, is given by

z_ =a r +r +r +r + 3 +
r [¢ a,r c,r m,r s,r) J(xa,r xm,r”

Yo

v
- s

Zoyp? antenna conjugate-matched to transmission line

Car T Tt Xy, pr MO matching network (21) .\ CrREy

When the antenna is conjugate impedance matched (];. =0) to a
transmission line by the matching network, then the matching network

parameters X r and a are given by
14

= - 2
xm,r xa,r + (1/a?) IIn(zor)

w2 [0 T T %
= o !'f'(
a [Re(zor)/(ra,r Fro ottt rs'r)] N ,:::,é,,?
In the absence of any matching network, SRR
=0 =r = r ‘

*m,r m,r Ser , no matching network (23)

a=1,

The antenna available loss factor la,r in Eq. (17) is not a
function of antenna impedance mismatch. The matching network
available loss factor lm,r in Eg. (18) is an indirect function of
antenna impedance mismatch since the presence or absence of a
matching network is a consequence of impedance mismatch., The

transmigsion line available loss factor in Eq. (19) is a direct
function of antenna impedance mismatch,
13
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2.4 Available loss factors

The available loss factor of a passive linear two-port network
is the reciprocal of the available power efficiency of the network
(see Eq. 1I-22). With reference to fig. 2 and Eq. (I-70),

Bg. (I-71), and Eq. (I-72) of Appendix IH, the receiving system

available loss factors [c of the antenna, matching

X, lmlr' ln,r
network, and transmission line, respectively, are given by

bo =1+ (xS, ) (17)
Lo =1+ Uy 4, W(r,  +r. )] (18)
R
L exp(204dy) |1 - |IZ|? exp(-40dy) - 2 [Im(zor) /Re(zoy)] Im[[7 exp(-2 7’rdr>]|
X = e . '..:
1 - |1;|2 - 2 [Im(zoy) /Re(zoy)] Im([}) AR
Y
(19) ‘:':'.':‘-"*. L
'}?.'i:: o
where r =a_ + j Br , dr' [} , and z. LT,

a,r’ Tc,r’ m,r’ Ys,r’ zor)' Yr
are circuit parameters defined in fig. 2 of the impedance equivalent

circuit of the receiving system. The redundant subscript r of these
parameters denotes receiving system and distinguishes them from their R, 1t

transmitting system counterparts in fig. 1.

In Eq. (19) the transmission line available loss factor ln,r
increases with increasing modulus of the voltage reflection
coefficient at the antenna transmission line interface.

For|1; =0, f__=ew(20d). For I =1,

'
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where :_::
dr(o »p) = receiver directive gain in the elevation and -
azimuthal directions 6 and ¢, respectively (numeric) ,

..

£ a(O ,@) = antenna noise factor in the elevation and azimuthal

directions 8 and ¢ , respectively (numeric)

The expected value and standard deviation of the antenna
external noise factor £ 5 are related to those of the antenna
external noise figure Fy by Eq. (10) and Eq. (11). Empirical data
of the expected value (Fa) at HF and VHF frequencies for man—made
environmental noise relative to that of a thermal source at
288 deg K are plotted in figure III-4 of Appendix IIIG.

The standard deviation O of the antenna external noise figure

is related to standard deviataions of the time and location
variabilities o, and 0, , by Eq. (10) of table II-3 in
a

Fat
Appendix II A. The time variability oF R is a function of the time
a,
variability upper and lower deciles, DUvFa,t and D LFa,t P

respectively, given by Eg. (9) of table II-3 in Appendix IIA.
Bmpirical data and extrapolations of ¢ , D

Fa’t U,Fa’t )
HF and VHF frequencies for man-made environmental noise are given in

table III-1 through table III-4 of Appendix III G.

, and Dl,F at

The parameters (E‘a) and Op are not a function of antenna
impedance and consequently are not a function of antenna impedance
mismatch,

10
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The noise degradation figure AF is the system operating noise figure
relative to the antenna external noise figure and is a measure of
the contribution of the internal noise sources to the system
operating noise figure. The expected value <{F) is given by

L = <F) - <Fa>: (dB) (15)

where {F) is given by Eq. (12).

1

e
.

S
e

In Eq. (14), AF is a function of both the external noise figure
F, and the system operating noise figure F.

.

‘e

The noise figure F is a function of the external antenna noise
factor fa; the available loss factors l%,r' lm,r' ln,r' and the
receiver noise factor f .. Expressions for each of these factors now
follow. It will be seen that only the factors[m . ln cr and £

14 [4
are functions of the impedance mismatch of the receiving antenna to

the receiving transmission line.

2.3 Antenna External Noise Factor

The external noise, which is incident on the receiving antenna
within a differential solid angle at an elevation angle @ and
azimuthal angle ¢(see figure 1), must be integrated over the entire
sphere of the antenna's directional gain pattern to obtain the total
external noise at the output terminals of the equivalent lossless

antenna. Accordingly, the external noise factor £, is given by

21
fa:'o/

/2
/ £,(6,4) d_(6,8) sinf db d¢ (16)
-1/2
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when man-made noise is the dominant noise source, Fa (in dB) is
approximately two-piecewise normally distributed with a breakpoint
at the median value.(2) Nevertheless, if the external noise F, is
assumed to be approximately normally distributed, then from Eq. (9),
the external noise factor fa is lognormally distributed, For such

distributions the expected values and standard deviations of the two
distributions are related by (6)

[(<F,>/10) + 5 £n10 (aFa/10)21

(£ =10 (10)
Juto (9, /10)2 1/2
af = (fa> . |10 a - (11)

a

Similarly, if the operating noise factor f is assumed to be
approximately lognormally distributed, then from Eq. (4), the
operating noise figure F is normally distributed. For such
distributions, the expected values and standard deviations of the
two distributions are related by

1 2

> = 10 [log, K£> - — Lm0 (0_/10)%) (12)
RN

9. =10 /fni0) logy (1 + (Uf/<f)) | (13)

where {f) and 9 are given by Egs. (7) and (8).
For the purpose of distinguishing between external and internal

noise, it is useful to define a receiving system noise degradation
figure AF (in dB) by

AF

F-F (dB) (14)
a

.......

[
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If the ambient temperatures of the antenna, matching network, and

transmission line are equal to the reference temperature tref’ then
Eq. (5) reduces to
= -— + = = =
£ fa 1 lc,rlm,rln,rfr' t:c tm t.'n tref (6)

In the present study, the parameters of Eq. (5) will be treated
as deterministic quantities with the exception of the antenna
external noise factor £, which shall be treated as a stochastic
variable. Examples of stochastic external noise sources are the
atmosphere and man-made environment such as power lines and
automobile ignitions.

The expected value {f) and standard deviation O of the

operating noise factor f are therefore given by

£ o=d(EpH (lc,r - Dt St ) +lc,r (lm,r - Dty/trer)

+lt.:,r lm,r (ln,r = Dt /tef) +lc,r lm,r ln,r(fr -1)
(7)
o =
£~ % (8)
a
where (fa) and 0. are the expected value and standard deviation,

a
respectively, of the external noise factor f£..

The external noise factor fa is related by definition to the
external noise figure F, (in dB) by

(Fa/10)

fa = 10 » F = 10 loglofa (9)
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It is convenient to set tref = 288 deg K because measurements of
atmospheric noise and man-made environmental noise are usually
referenced to thermal noise at that temperature and because

10 10910 kt of =-204.0059 dBj is approximately a whole number (1).
The system operating noise figure F may be expressed as

F =10 loglof (4)

where
f

ta

ta/tref = system operating noise factor (deg/deg)
effective system noise temperature (deg K)

1

Wwith reference to fig. 1 and Eq. (I-66) of Appendix IH, the
system operating noise factor f is given by

£= fa+ (lc, - D /tref +lc,r (l’mr- 1)(t /tref
lc,rlm,r(ln,r— l)(tn/tref) + l rlm,r n, r r -1
where (5)

fa = receiving antenna external noise factor integrated
over the antenna pattern function (deg/deg)

[c,r'lm,r'ln, r= available loss factors of the receiving antenna,

matching network, and transmission line,
respectively (deg/deg)

v

LAy
LY I v
P,

r-. tc’ tm’ tn = ambient temperatures of the receiving antenna,
:::l:: matching network, and transmission line,

; respectively (deg K)

-

ﬁ! £, = receiver noise factor (deg/deg)

---------
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2.2 System Operating Noise Figure

The system available noise power N in Eq. (1) referred to the

output temminals of the equivalent lossless receiving antenna (see
- Fig. 1), is the time-averaged power, co. “ributed by all noise
sources both internal and external to the receiver system, that
- would be delivered by the lossless antenna to a load if the load
impedance were set equal to the conjugate output impedance of the
lossless antenna. Examples of external noise sources are the
atmosphere, stars, man-made environment (power lines, autamobile
ignition systems, etc.), and jammers both hostile and friendly.
Internal noise sources are the receiver, antenna, antenna matching

network, and transmission line of the receiving system,

The system available noise power N (in dBm) may be expressed as: :'_

N=W+F (2)
where
W = system reference noise power (dBm)
N F = system operating noise figure, referenced to W (dB)
3-’_: The system reference noise power W is given by
N W =30 + 10 log, (kt . cb) (dBm) (3)
! where
4+
> k = Boltzmann's constant = 1.38 X 10‘23J/deg K
i tyof = reference noise temperature = 288 deg K

¥
log
]

receiver noise power effective bandwidth (Hz) ':‘:?‘t:,’i“-
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The numerical values of the system noise degradation figure in

Appendix IV are summarized in table 2. The system noise degradation LN

figure <AF> is 26.0-5.8 dB without a matching network and 1.23-0.01 dB Eﬁfﬁ%ﬂ
with a matching network over the entire range of frequencies igigfﬁf
(30-88 MHz) and external man-made noise environments (rural, ?i:;:&:
residential, and business areas). In the absence of a matching ﬁ“\’: ;

network, the noise degradation figure decreases with increasing

man-made noilse and increasing frequency because AF is defined relative

o £
. 1

S
™ v

to man-made noise and because both man-made noise and I[;Idecreases

PO -
]
"I’t:

with increasing frequency.

The main conclusion to be drawn from tables 1 and 2 is that the
system internal noilse factor is small with respect to the external
noise factor when the electrically-short receiving antenna 18 matched
to the transmsission line but is large when the antenna is not

matched.

€. R L.
> Tt .

The above results were for a transmission line whose length was at
least one free-space wavelength. The effect of transmission line P CACS
length on the noise figures of the transmission line and recelver at Sgh;;;i
30 MHz is shown in figure 3. The computer printouts are given in Eﬁ&giﬁ%
RRLAY

Appendix IVC. For a large mismatch of the antenna impedance to the
transmission line, the combined noise figure of the transmission line
and receiver remains large regardless of line length. Smaller line
lengths result in a smaller transmission-line noise figure (hecause of
less ohmic loss) but a larger receiver noise figure (because of less
padding by the transmission line of the antenna impedance mismatch).
When the antenna impedance 18 matched to the transmission line, the

3
’.
[ transmission line noise figure i1s limited to that resulting from the

ordinary exponential attenuation loss of the transmission line. For

e

arbitrary values of the receiver nolse parameter L there exists a

y

v S
. . e b T e e
Y . et
S, P

line length for which the combined noise figure of the transmission

line and receiver i{s minimized. 1In figure 3, it is fortuitous for

AL
:"-.'. N

rn-100 ohms that the combined noise figure is approximately -;}.3:.;

neg g
.
. .

independent of line length for line lengths less than 0.1 wavelength. —_—

".'."“!
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SECTION 4

CONCLUSIONS

A large impedance mismatch at the antenna-transmission line

interface of a radio receiving system can cause a significant

increase in the system internal noise factor (more than a 50 dB :
increase for a voltage reflection coefficient of 0.999). ;--.;-_-r.;.;

.’_4:.:::. '

This conclusion is supported by numerical results for a VHF-FM :"'
radio receiving system with an electrically-short monopole antenna. *""_t'
In the absence of a matching network, the limiting noise of the s.:
system is generated within the system (by the transmission line and :‘_‘_f:f:f;}_}

receiver) and can be more than 20 dB larger than the external
man-made noise. With a matching network, the limiting noise of the

system is external man-made noise. ‘\.{
v:\_‘\,.:\,:‘.".

RN

N \
Antenna impedance mismatch significantly affects the :":\f\‘m
L
transmission line noise figure and to a lesser extent the receiver "' al
noise figure when the voltage reflection coefficient |1" RIZ. 0.5 as o #1,!.
illustrated in figure 4 for a transmission line length of 10 m at .}:._-;:::: ;
30 MHz. However, for an antenna external noise figure of 26 dB, the ;.—:j‘.::
r"_;".a’. »

system operating noise figure is not significantly affected by ::--a
antenna impedance mismatch until the voltage reflection coefficient e
| ;| 20.98. R
A
IRt
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I.A Definitions
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With reference to figure I-1l(a), consider a linear two-port network, which
may be passive or active, at an ambient temperature t (deg K), with an
effective (ideal square-top) bandwidth b (Hz), input and output impedances
Zin and Zout (ohms), respectively, a load impedance ZL' and a CW source
generator with open—-circuited signal voltage vg = Re(Vé e]”t) (volts) and
source impedance Zg at an ambient temperature tg equal to the reference noise
nref/kb where n_ . = reference noise power (W) and k =

25 (J/deg K). It is often convenient to ;}T;  

I3

~ % T e
&l

temperature tref =
Boltzmann's constant = 1.38 x 10~
choose n £ such that tref = 2889deg K for the reasons stated in section 2.2. .:\' A

, . . , 1)
The noise factor fn of the linear two port is defined aé

f = (si/n )/(so/ho) , .=t (1-1)

ref o] ref

where -
V.

0
]

(vg/z) ig =(1/2) Re[(Vg/Z) 1;]= (1/2) Re|(vg/2) [vg/(zg+z;)] *‘

= [V§|2/8 Re(Zg) = available input signal power at the input
terminals to the two-port (W). The bar indicates that the signal
power is time-averaged over a cycle. The star indicates the
complex conjugate of the parameter. The current ig = Re (I4 ej”t)
= Re I [Vg/ ( zg+Z;)] e

available output signal power at the output terminals of the

n
1]

two-port (W)

available noise output power at the output terminals of the

3
1]

two-port (W).
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N — R e | )
} 4 O
| | outl
| i ! ,
OUTPUT
I 1 I 2 .
: = if=<g : So» No =zout
! I !
O 1 “w o . $ |
U | L___t.ﬂ.'_A_nQ.“l__.i LOAD
SIGNAL GENERATOR LINEAR TWO-PORT,
BANDWIDTH b
NOISE FACTOR fn= (si/nref)/(so/ng)
(a)
tg=tref ‘ th
F====*==="===9 r'_""""-"'-"1
' N Z 1 4/\3
| | l |
| ] INPUT._ | } OUTPUT,
. ' ' Z* ' _zl
: : 8j» Neft : =&g : Sos No L| = < out
: | | |
0 L 2 . ; O )
b —_——d Lewodn____ LOAD
SIGNAL GENERATOR EQUIVALENT NOISELESS

LINEAR TWO-PORT,
BANDWIDTH b

NOISE FACTOR fp=ngff/n g, Sj/Nggs=5o/Ng
(b)

Figure I-1., Definition of Noise Factor of a Linear Two-Port Network
(a) Actual Two-Port with Internally-Generated Noise
(b) Equivalent Noiseless Two-Port
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The available power fram a source is defined to be the power delivered
by the source to a load as though the load impedance were conjugate matched
to the output impedance of the source. In camputing available powers in

*

figure 1-1(a), the input impedance Zin is set equal to Zg (not Zg made equal to

out (POt Zoue

* * *
2.). The noise factor f_ is therefore a function of 2 and 2 (not 2.
L n out in

*
Zln) and the load impedance Z is set equal to Z made equal to

Q

and ZL).

For a source generator whose antenna external noise is zero and whose
impedance is at an ambient temperature equal to the reference temperature,
the available input noise power to the two-port of figure I-1(a) is equal to the
reference noise power. Only for such conditions is the noise factor of a
two-port equal to the ratio of the input to output signal-to-noise ratios of
the network.

(2)

The available loss factor ln of a linear two-port is defined as
In = si/So (1-2)

where s; and s, are defined in Eq. (I-1).

From substitution of Eq. (I-2) into Eq. (I-1), the available noise

.
I
L
e k

.

output power n_ is given by SR
. :.{

N

N, = fnNpee /hn v tg = trer (1-3) o

with reference to figure I-1(b), the available output noise power referred to

the input terminals of an equivalent noiseless two-port ( denoted as the available
effective noise power n _cc) is given by

Negg = Ny ln t =t (1-4)

fn Oref g ref
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Fram Eq. (I-4), the noise factor of a linear two-port is the available
effective noise power normalized to the reference noise power.,

The available effective noise power rise, Aneff' referred to the input

terminals of an equivalent noiseless two-port, is defined as

An

eff = Mo ~ 1

ref = Kbt ¢ (£ - 1) (1-5)
The available effective noise power rise, Aneff, is the available noise
power, referred to the input terminals, which is internally generated by the
linear two-port. The available output noise power rise, Ano, at the output

of the two-port, is defined as
Anos n - (nref/ln) =kb t ¢ (£, - 1)/[n (1-6)

The available output noise power rise, An o is the available noise power at
the output of the network, which is internally generated by the linear
two-port.

It is often convenient (but not necessary) to express a noise power ln
in termms of its equivalent black body noise temperature t = n/kb. The noise
temperatures corresponding to the various noise powers of Eq. (I-1) to
Eq. (I-6) are defined below.

The reference noise temperature, tref' is defined as

tof = nref/kb [cf. Eq. (A-1)] (1-7)

The effective noise temperature, toger at the input of the equivalent
noiseless two-port is defined as,

terr = Nere/KP = £ tror (1-8)
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The effective noise temperature rise, Ateff' at the input of the equivalent

noiseless two~port is defined as

eff = teff - tref = neff/kb = (fn - 1)tref (1-9)

The output noise temperature, t,r at the output of the two-port is defined as

t, =n/kb = £ tref/[n (1-10)

The output noise temperature rise, Ato, at the output of the two-port is

defined as
at, =t - (tref/ln) = nykb = (£ - 1)tref/‘tn (I-11)

In Eq. (I-1), the noise factor fn is defined for a source impedance at

an ambient temperature tg = tref' Measurements of noise factor are often

performed when the source impedance is at ambient temperature tg #*t . ¢. FOX

such a case, the measured noise factor is not equal to f, . The measured

n

fn,tg:= (si/nref)/(so/no,tg) = ln no,tg/nref

noise factor, f . is defined as
’
9

= f /no (1-12)

n
n o,tg

where N, ¢ is the available measured noise output power at the output of the
14
g

two-port when the source impedance and is given by

n t n -t
- ref g\ _ ref g
n = n_ + -7—— = n_+ ~T— -1 (1-13)
0’tg ° ( n ) (tref) ° ( n ) (tref )
Substitution of Eq. (I-13) into Eq. (I-12) yields

fn,tg = (tg/tref) + fn -1 (1-14)
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IB. Passive, Lumped, Series Impedance

With reference to figure I-2, consider a linear two~port network
consisting of a lumped, passive, series impedance Zn at an ambient
temperature tn’ with an effective bandwidth b, a CW source generator with
open—-circuited signal voltage v _ = Re(Vg e]”t) and output impedance Zg at

g

ambient temperature t =t , and a load impedance 2

g ref L*

The available input signal power Sy which is camputed by conjugate
matching the input impedance to Zg’ is given by (see Eq. I-1)

o 12 *q 2 -
S, |Vg|/[8Re(Zg)] |vg| /18 Re(z)] (1-15)

The available output signal power Sy which is computed by conjugate matching
the load to the output impedance z, * Zg' is given by

_ 2 _ 2 -
s = lvgl /(8 Re (zg +12)*] = Ivgl /(8 Re (zg +2.)] (1-16)

From Eq. (I-2), the available loss factor ln is given by

* *
ln = s;/s, = Re(z_ + ) /Re(Z,)

1+ [Re(Zn)/Re(Zg)] (1-17)

The open-circuited rms noise voltage, Vnoc' at the output of the

two-port is given by

- 1/2 _
\Y = {4 kb [(Re zg)tref +(Re zn) tnll (1-18)

 t
noc

g = tref
The available output noise power, N, is the noise power delivered to a load

zL when Z_ is conjugate matched to the output impedance of the two-port.

L
Accordingly,
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IF. Cascaded Two-Port Network

Consider two cascaded linear two-port networks a and b with identical
bandwidth B (see fig. I-4). Networks a and b, at ambient temperatures ta and

tb’ respectively, are characterized by noise factors fa and £y and
available loss factors la and lb’ respectively. The noise factors fa' fb’
and available loss factors [;, lb are defined for the two-ports with their
source impedances as connected in figure I-4 (not for each two-port connected

separately to the generator and load). The generator output impedance Zg is at

an ambient temperature t The cascaded network noise factor, as a

g~ tref:
function of the individual network noise factors, is of particular interest.

The derivation follows that of Friis(6l

The available output noise power n,p at the output terminals of

network b is by definition [see Eq. (I-3)] given by

nyp = £ Not’Lap (1-55)
where

fab = noise factors of the two networks in cascade

lab = available loss factor of the two networks in cascade = lalb

Neof = reference noise power = ktrefB

The available output noise power n,. at the output terminals of
network a, is by definition [see Eq. (I-3)] given by

n = £, nref/'[a (1-56)

The available noise power (na)b, at the output terminals of network b, due to
the noise sources in network a and the Johnson noise of the generator

impedance Zg is given by

(n )y = nak/[b = f nref/[ lb (1-57)
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where

f0 = empirical minimum noise factor for any possible source impedance Zg
at an ambient temperature tg = toes

yno(gno’bno) = 90 + 3 bno = empirical complex noise parameter with the

dimensions of admittance (mhos),

r, = empirical noise parameters with the dimensions of resistance which
accounts for the sensitivity of the noise factors to network source
impedance (chms).

The noise factor f n given by Eq. (I-53) has a minimum value fo for

Yno = 1/z g

For a passive linear two-port network, it follows by camparison of Eq.
(I-24) with Eq. (I-53) that the empirical parameters reduce to

=1 r = r t = 0; passive network I-54
fo ' "n n,eq ( r/tref) * Yno ! ( )
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IE. Active Two-Port Network

Consider a linear two~-port network whose general configuration is shown
in figure I-1 but which is restricted to contain at least one active element.
For an active network, the available ocutput signal power can exceed the
available input signal power and consequently the available loss factor ln
can be less than unity. In active networks, it is often more convenient to
express available output signal or noise powers in terms of the available

gain factor 9 defined by

g, = S/s; = VL, (1-52)

where Sor S35 = available output and signal powers, respectively, of the
linear two-port.

The equivalent lumped series resistance rn,eq' which is defined in
Eq. (I-23) for a passive network and which has the same available loss
factors as the two-port network, can be negative in an active network since
its available loss factor ln can be less than unity. The noise factor fn'
which is given by Eq. (I-24) for a passive network, is not applicable to an
active network because the noise originating within an active network is not
necessarily thermal noise generated by ohmic losses.

The noise factor fn of any linear two-port network at an ambient
temperature t for an arbitrary source impedance zg at an ambient temperature
t = tref' may be characterized in terms of four empirical parameters of the

9 . . e (4),(5)
network in a functional relationship given by

£, = £+

r
n 2
Re(1/2Z,) | (172 - yp,] (1-53)
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The transmission line noise factor, £, is found by substituting [n
given by either Eq. (I-46) or Eq. (I-48) into Eq. (I-28). The equivalent,
lumped series resistance r of the transmission line (as far as available

n,eq
loss factors or noise factors is concerned) is found by substituting either

of the above expressions for ln into Eq. (I-23).

For the following special transmission line cases of interest, ln’ f

nl
and rn,eq reduce to
1, Yd=0 (a)
1n= oo,zg=00rl"=—l,)’d¥§0 (b)
00, zg =worf/=1,7d%0 (c) (1-49)
exp(2ad), Zg/z0 =lorl™=0 (d)
1, vd=0 (a)
fn = Yoo, Zg =0 orf =-1,Yd%x 0 {b) (1-50)
oo,Zg=worr= 1, Ydx0 (c)
1+ [exp(Zad)-I](tn/tref) » Zg/% = 1 (d)
0, »d=0 (a)
- 2 = - -
rn,eq = J cosh”(¥d) Re[Zotanh()’d)], Zg=0 or[ = -1 (b) (1-51)
oo,Zg=O or/=1, YdXxO0 (c)
(1 - exp(2ad)]Re(zo), Zg/zo =] (d)
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Multiplying numerator and denominator by [(zg/ Zo +1], dividing numerator and
denaminator by [1 + exp(-2¥d)] and noting that x' = -d corresponds to x = 0

and x' = 0 corresponds to x = -4, Eq. (I-44) reduces to

zZ + Zotanh()’d)

Z(x=0)| ,, . __ . o =
Z2(x=-d) zg (Zg/ZO)tanh(Yd)ﬂ

(1-45)

Substituting Eq. (I-38) and Eq. (I-45) into Eq. (I-27), the available
loss factor ln is given by

|[(z_/2_) tanh(¥d)+1] cosh(¥d)| 2 2_+7_tanh(¥d)
n T Re |1z yeamnrars| (1746
a g/o
From Eq. (I-43),
Zg =2, {1 +(x'=0)]1/[1 - I'(x'=0)] (1-47)
Substitution of Eq. (I-47) into Eq. (I-46) yields after same algebraic
manipulation an alternative expression for ln given by
exp(?nd){(l-ll"lzexp(-llad) - 2[Im(Zo)/Re(Zo)]Im[ﬂexp(—Z?d)]}
n 2
1 -|r|® - 2(m(z_)/Re(z )1 Im I (1-48)
where
r =Nx'=0)|,  1qy=g = [(2/2,)-11/1(2 /2 )+1]
Z(x'=0) Zg g/o g/ o
y = d + jB.
43
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For the condition 2(-d) = Zq at x = -d, the forward travelling wave
originates at x = 0 and propagates in the negative x direction whereas the
reflected travelling wave originates at x = -d and propagates in the positive
x direction. It is therefore convenient to introduce a new coordinate axis

x' =-d&-x. The voltage V(x'), current I(x'), and impedance Z(x') for the

condition Z(x'=0) = zg are given by (3)
Vix')y = v, oYX v ' = v, o 7x! [1 + I'(x'=0) e27x] (1-39)
I(x') =1, L I_ erx’ - (V+/Zo) e 7% [1 -(x'=0) eZ}’x'] (1-40)
z2(x') = V(x')/I(x") = 7 [1 + I(x'=0) ez""]/[l - M(x'=0) &* ¥ ]
=2, [1+ree)] /[ -] (1-41)
where N
N(x'=0) = V_/V+ = voltage reflection coefficient at x' = 0
I'(x') =I(x'=0) 2rx' voltage reflection coefficient at position x'. " '
; RIS
From Eq. (I-41), RSN
s
R
Z2(x'=0) = Zg =12z, [1 +[(x'=0)1/(1 - ['(x'=0)] (1-42) E‘J

I'x'=0) = [(Zg/zo) -~ l]/[(Zg/ZO) + 1], 2(x'=0) = Zg (1-43)

Substituting Eq. (I-43) into Eq. (I-41),

zon+exp(—27d)[(zg{zo)-ll/[(zg!zo)+1] }

Z(x'= -d) |, i nyey = T = (1-44)
2(x =0)-zg 1-exp( 2)’d)f(Zg/Zo) 1]/[(Zg/zo)+1]
42
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From Eqg. (1-31),

AR s A", .

z2(0) = o0 =z (1 +77(0)]1/[1 - I'(0)]

i Consequently,
) =1, z2(0) =c0 (1-33)
' Substituting Eq. (I-33) into Eq. (I-29) and Eq. (I-31),
v-a) = v, 1+ o) 7 = v, (794 e M), 200) =0 (1-34)
i 2(-d) = Zo[l +I'(0) e‘”"]/ L -ro 2]
=z, (1 + e/ - €279 = z_ftann(ra), 2(0) = (1-35)
i where tanh y = [1 - exp(-2y)]/[1 + exp(-2y)] = -tanh (-y). The input

impedance Z(-d) is in series with the output impedance Zg of the signal
generator. The voltage V(-d) is therefore given by

V(=) = [V | 2(-a)/1zg + 2(-A)] = |V 1/1(Z3/%0) tamh (Ya) + 1],

2(0) = (1-36)
Substituting Eq. (I-36) into Eq. (I-34),
' |v_|
[ - (7d) Nzg/zo)tanh(ydym ¢ 2(0) = (1~37)

Substituting Eq. (I-37) and Eq. (I-33) into Eq (I-29),

v, |
2(0)=00 [(Zg/zo)tanh()’d)+1] cosh(7d) (1-38)

v(0) |

where cosh y = (&Y + e¥)/2,
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From Eq. (I-24), the transmission line noise factor, f_, is given by

n'

tn
£ =1+ -1) — (1-28)
n n t

ref

where ln is given by Eq. (1-27).

The functional dependence of the parameters V(0)| Z(0)=00 and 2(0)| 2 (-d) =2
upon the characteristics of the signal generator and the transmission line

are determined in the remainder of this section.

For the open circuit condition Z(0) = o0 at x = 0, the standing wave
voltage V(x) at a position x (- d < x < 0) along the transmission line may be
considered as the sum of a foward travelling wave V+(x) =V, exp (- ¥x)

originating at x = -d and a reflected travelling wave V_(x) = V_ exp (¥x)
originating at x = 0. The complex voltage amplitude V(x), camplex current

amplitude I(x), and impedance Z(x) are given by

v(x) =V, e sy e = v, e rX [1 + o) ezyx] (1-29)
I(x) = I, X 4 1 e = (V/Zo)e_yx[l -F(O)ezyx] (1-30)
20x) = v(x)/100) = 2_ [1+700) ez""]/[l - o) %]
=z, [1 +I"(x)1/11 ~ I'(x)] (1-31)
where

) = v_/N_ = voltage reflection coefficient at x =0

I(x) F(O)ezyx = voltage reflection coefficient at position x
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ID. Passive Transmission Line

Consider a passive two-port network whose impedance elements are
continuously distributed such as the transmission line of figure I-3. The
transmission line is at an ambient temperature t and is fed by a signal
generator of open-circuited voltagevg(t) Re(V e]”t) and output impedance

Z at an ambient temperature t_ =t The transmlss1on line is of length d

g g ref"
with a characteristic impedance Zq and a propagation constant ¥= o + j8. The
transmission line impedance, Z(x) = V(x)/I(x), is a function of the voltage

V(x) and current I(x) which vary with position x along the transmission line.

The available CW input signal power, Siv at the input terminals x = -d
of the transmission line is given by

- 2 -
s; = Ivg| /(8 Re zg) (1-25)

The available CW output signal power at the output terminals x = 0 of the
transmission line is given by

= 2 -
s, = ‘V(O)lz(o)=w‘ /[8 Re Z‘°’|z(—d)=zg} (1-26)

where

V(O)lz(0)=oo= open-circuited complex voltage amplitude at x = 0

2(0) | = output impedance, of the transmission line at x = 0

2(-d)=z

f;: looking back in the direction of the signal generator for
- the condition z(-d) = 2 at x = -d.

Fﬁ! The transmission line available loss factor, ln’ is given by Eq. (I-2)
o as

e 2

sy s, [Vgl ™ Re [Z(O)lz(—d) =2 ]

;.:t‘-l ln = ..s—l = r : 3 (1-27)
» o IV“”'z(O) =°,,| Re(z,)
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At an ambient temperature tn' the resistance r, eq has a noise factor given "_:
14 .

by Eq. (I-21). The noise factor fn of a passive linear two-port network may N
therefore be expressed as "
EX

£,= 1+ (r, /R ZI(E/E ) =1+ (L, - Dt /t o) ty = tref (1-24) :

¢
»
(2

s oy g,
!
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IC. Passive Two-Port Network

Consider a linear two-port network whose general configuration is shown
in figure I-1 but which is restricted to contain only passive elements. The
passive network may be any configuration of lumped impedance elements (such
as resistances, capacitances, and inductances) or distributed impedance
elements (such as a transmission line). The two-port is at an ambient
temperature t  and is characterized by an available loss factor ln for a
source output impedance Z

g at an ambient temperature tg = tef where t is 'f“‘“‘f

the reference temperature.

ref

The available loss factor ln is the ratio of the available input to
output signal powers (see Eq. I-2). For a passive network, the available
loss factor ln.l 1 since the available output signal power can never exceed

the available input signal power. The available loss factor ln of a passive
network is given by

[n 1/¢ , passive network (1-22)
where

it

§ = So/si available signal power efficiency of a passive network
available output and input signal powers, respectively, which are
functions of the output impedances looking back toward the source at
the output and input terminals, respectively

s _,S,

Consider a passive two-port network whose available loss factor ln and

source impedance zg are known. The two-port network and source impedance are
at ambient temperatures t, and tg = tref’ respectively. Fram Eq. (I-14), it
is always possible to replace the passive two-port network by an equivalent,

i i i i 1 factor £
lumped, series resistance r. eq which has the same available loss n

’
as the two-port network provided that

o oeq ™ (ln - 1) Re 2, (1-23)
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2

o ReZL

Vznoc [ ReZL ]
Re {(Z_ +2 ) +Re 2 _ *
g n L 2, = R<-:‘(Zg + Zn)

v2 (1-19)
hoc kb [(ReZ )tref + (ReZn)tn]

4 Re(zg + zn) Re(zg + zn)

Subtitution of Eq. (I-15), Eq. (I-16), and Eq. (I-19) into Eq. (I-1) yields a
noise factor fn given by

(Re 2 )t
f =1l+7——— ,t =t (1-20)
n {Re zg)tref g ref
However, it is noted from Eq. (I-17) that Re Z_/Re Zg = ln - 1. Accordingly, ;j;:j".:"-.'-'.i
Eq. (I-20) reduces to
£o=1+ (L - Dt /teg) vty = teer (1-21)

The noise factor £, given by Eq. (I-20) is valid only for a passive, lumped,

.‘.'- I
series impedance whose available loss factor ln is given by Eq. (1-17). :.:;._%:.:}..;:

AR
However, it will be shown in the following section that the noise factor f_ -{'.;#Z‘_-:{.{{

AR

given by Eq. (I-21) is valid for any passive two-port network of known
available loss factor ln > 1.
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The available output noise power rise ‘Anb, at the output terminals of

network b, which is internally generated by network b is by definition [see
Eq. (1-6)] given by

Ny = N (£ - 1) /4 (1-58)
The available output noise power n_p given by Eq. (I-55), is also given by

Nap = (na)b + ny (1-59)

Substituting Egs. (1I-55), (1-57), and (I-58) into Eq. (I-59),

f.=f_ + (£ -1 (1-60)
ab a ( b )la
49
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IG. Lossless Antenna with External Noise

Consider a loss-less receiving antenna with an output impedance zg at an
ambient temperature tg = tref and with open-circuited rmms signal and noise
voltages, vg and Var respectively, as shown in figure I-5. The output
impedance Zg =r + jxa where r, and X, are the antenna radiation resistance
and reactance, respectively. The voltage Vg = [2 s(d) 0011/2 where s(d) is
the available signal power at the output terminals of the loss-less antenna
(see figure 1 of section 2) and M is the free-space wave impedance ~122 ohms.

1/2

The voltage vy T [2nano] where n, is the antenna external available noise

power at the output terminals of the loss-less antenna with an effective
bandwidth b,

The antenna external noise may be treated as a fictional two-port network
characterized by an available loss factor la and an antenna external noise
factor fa as shown in figure I-4. The available output and input signals
powers, of the fictional two-port network, are equal. Accordingly, from Eq.
(1-2),

. =1 (I-61)

The available output noise power n_ = n,. The reference noise power n

o) ref
ktref b. Therefore, from Eq. (I-3), the antenna external noise factor fa is
given by

fa = na/nref (1-62)
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IH. Radio Receiving System

The noise equivalent circuit of a radio receiving system (see figure I-6)

may be considered as five cascaded linear two-port networks, each with an
effective bandwidth b, in series with a source impedance Zg equal to the
output impedance of the equivalent lossless receiving antenna. Figure I-6 is
the noise equivalent circuit of the radio receiving system in figures 1 and 2
of section 2. In figure I-6, the subscript r to denote "receiving system" has
been amitted and the reactance and ideal transformer elements of network 3 are
not explicitly shown although they are implicitly included in the noise
parameters of networks 4 and 5 which follow these elements.

The source impedance Zg is given by zg = r,+ jxa where r, and x, are
the radiation resistance and reactance, respectively, of the receiving antenna.
Network 1 accounts for the antenna external noise which is characterized by
an antenna external noise factor fa and an available loss factor la =1 [see
Eq. (I-61) and (I-62)]. Network 2 accounts for the ohmic loss resistance r,
of the antenna circuit at ambient temperature t. with a noise factor fc and
available loss factor lc' Network 3 accounts for the ohmic loss resistance
(rm + rs), at ambient temperature tm' of the reactive element and switch of
the matching network which is characterized by a noise factor fm and available
loss factor lm. Network 4 accounts for the equivalent loss resistance rn,eq
at ambient temperature t. of the transmission line which is characterized by
a noise factor fn and available loss factor [n. Network 5 accounts for the
receiver noise which is characterized by a noise factor £, and available gain

factor g,

Networks 1 and 2 in cascade have a noise factor f12 given by Eq. (I-60)
and Eq. (I-21) as

f,= £, + (£ - 1)[a = £, + ([c-l)(tc/tref) (1-63)
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Networks 1, 2, and 3 in cascade have a noise factor f123 given by Egs. (I-60),
(1-21), and (1-63) as

f

£, (£ = DL, = 6, + (U-D(e /e 1 + LU -1 (e /e o)

(1-64)

123 ref

where 112 = [;1% = lc
Networks 1, 2, 3, and 4 in cascade have a noise factor f1234 given by Egs.

fla34 = f1g3 * By = Dl = 16, + U - DUeSt o) + LU/t ) e
= ILZHJ ln - D/t of) (1-65) ('-'.71;'

where  Lyyy = Ly A Ly = L Ay ‘

Networks 1, 2, 3, 4, and 5 in cascade have a noise factor f12345 which is
designated as the system operating noise factor, f, and which is given by Egs.
(1-60) and (I1-65) as

£lo3a5 = £ = flp3q + (£, = 1) Lyony = [E, + (£ - D/t 0
+ h Uy - e/t o) + b By - (e /e )] (1-66)
+lclmln (£, - 1)
where 11234 = la lc lm ln = lc lm ln'

For the network ambient temperatures equal to the reference temperature t
Eq. (I-66) reduces to

ref’

"‘ = - + = = = -67

5 £E=f£ -1+ 4 4 4 £ b=ty =t =t o (1-67)
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The system (effective) available noise power, n, referred to the input
terminals of an equivalent noiseless receiving system is given by

n=f Neof (1-68)

where Nof = k trefb' Since network 1 has an available loss factor fa 1,
the system available noise power, n, may also be referred to the output
| terminals of network 1 which is identical to the output terminals of the

equivalent lossless antenna with antenna external noise.

The system available output noise power, Ny at the output terminals of
the receiver (network 5), is given by

ng = Vo345 = E 0 /U 4 L /0) (1-69)
where [12345 = la lc lm 2,/9, = lc lm ln/gr'

Egs. (I-66) — (I-69) are a function of the available loss factors lc, lm,
and ln' With reference to figure (I-5) (or the impedance equivalent circuit
of figure 2 of section 2), the real part of the source impedance to networks 2

and 3 is r_ and (ra + rc), respectively. With reference to Eq. (I-17), the
available loss factors £ c and lm are given by

lc 1+ (rc/ra) (1-70)

1

m 1+ [(rm + rs)/(rc + ra)] (1-71)

With reference to Eq. (I-48) and figure 2 of section 2, the transmission line ]
available loss factor, ln’ is given by i

/ exp (20d) [1- |1"|2exp(-4ad)-2[Im(Zo)/Re(Zo)]Im [Cexp(-2¥d)] 1} “3‘::::&\'}

n

1 -\l 2 2(Im(z ) /Re(2 )] Im I (1-72) X
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where
d = length of transmission line (m)
Y = & + jB = propagation constant of transmission line (nepers/m)
I = voltage reflection coefficient = (2 - Zo)/Z +2.)
Z, = characteristic impedance of transmission line (ohms)
Z = source impedance to the transmission line (ochms)
= a2[ra tro=rpo+r) o+ x4 X))
Z,» antenna impedance conjugate matched to transmission line
= )1, + jxa + r,, no matching network
a = transformer turns ratio of matching network

x, = reactance of matching network (ohms)
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APPENDIX II

COMPUTER PROGRAM SONF (SYSTEM OPERATING NOISE FIGURE)

CONTENTS
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II A. Description

Program SONF (System Operating Noise Figure) camputes the
expected value and variance of the receiving system operating noise
figure relative to thermal noise at temperature 288 deg K and
referenced to the output temminals of an equivalent receiving
antenna with zero ohmic loss. The program is specifically written
for the frequency band 20-102 MHz.

Particular features of the program are the inclusion of external
man-made envirommental noise and the effect of antenna impedance
mismatch on receiver and transmission line loss factors.

The program is written in ANSI Fortran and is campatible with

the Digital Equipment Corporation PDP-11/70 RSX-11M-Plus camputer
operating system,

The input variables, constants, derived output variables and
numerical values of the input variables of the program SONF are
listed in Tables 1, 2, 3, and 4, respectively.
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TABLE 11-1
INPUT VARIABLES, SYSTEM OPERATING NOISE FIGURE

ALGEBRAIC | COMPUTER
_& NO. SYMBOL SYMBOL DEFINITION UNITS
E 1 oz FMHZ rf carrier frequency Hz
L ]
3
-4
L ]
= 2 b B recelver noise power effective bandwidth Hz
¥ 3 tc TC ambient temperature of the receiving antenna
. circuit deg K
3
-
S 4 tm ™ ambient temperature of the receiving matching
a network deg K
€
®
_L 5 tn TN ambient temperature of the receiving transmission
line deg K
NV X
T 6 LI RCR ohmic loss resistance of receiving antenna - -_.\"-_\_»..'
' ’ circuit ohms .';‘.‘}_:_"‘ -
.
c ',‘-"."-'x‘:h{
s 7 r, RAR radiation resistance of receiving antenna ohms AR
e e
. . 5
» ¢ A -
DRSS
}_ 8 X, . XAR input reactance of receiving antenna ohms RUSCRy
I , .:‘ -:A‘:':' ~.
‘.‘:\‘:." :“
UL
¥ LI RMR ohmic loss resistance of receiving antenna -_.\:.‘-:. %
) bl matching network (excluding switch) ohms ;:
°
»
o 10 x MR reactance of receiving antenna matching
€ m, ¥ network ohms
(-]
e
£ 11 a A ratio of secondary to primary turns of ideal
ol transformer of receiving antennz matching network
L
[
LIZ r RSR ohmic loss resistance of switch of receiver
8.1 antenna matching network ohms
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TABLE II-)
INPUT VARIABLES, SYSTEM OPERATING NOISE FIGURE (cont.)

ALGEBRAIC | COMPUTER
NO. SYMBOL SYMBOL DEFINITION UNITS
T 13 fo FO minimum noise factor of receiver for any possible
source admittance Yo
.
214 r RN receiver noise empirical parameter with the
n
. dimensions of resistance ohms
L ]
>
: 15 o GNoO receiver nolse empirical parameter with the
» dimensions of conductance mhos
41_16 b BNO receiver noise empirical parameter with the
no
dimensions of susceptance mhos
17 Re(zot) REZOR real part of the characteristics impedance
of the receiving transmission line ohms
e 18 Im(zor) IMZOR imaginary part of the characteristics impedance
= of the rereiving transmigsion line ohms
€
°
- 19 a, ALPHAR attenuation constant of the receiving transmission
et line nepers/m
[
-
[
e 20 Br BETAR phase constant of the receiving transmission
- line nepers/m
l 21 dr < length of recelving transmission line m
Y 22 (F > FAMEAN expected value of external noise figure of receiving
antenna dB
.
L]
: 23 Du.Fa . DUFAT Fa't(901) - Fa’t(SOZ) = uypper decile minus the
- ' median, of time variability, of external noise
2 figure of receiving antenna dB
L 3
L
€ 24 0 DLFAT F_ (50%) - F_ _(10%) = median minus the lower
c (,Fa R a,t a,t
° * decile, of time variability, of external noise
> figure of receiving antenna dB
>
€
[ ]
25 °p FALSTD standard deviation of location variability of
+ a,t external noise figure of receiving antenna dB
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FATSTD=(1. /1. 28)# (. S (DUFAT##2 +DLFAT#%2. )—. 1592#
4 (DUFAT-DLFAT)##2. )#% 3
FASTD=( ( (FALSTD)##2. +(FATSTD##2. ))#s_ 5)
SFAMEN=10. ##( (FAMEAN/10. )+. S#ALOG(10. ) #(FASTD/10. )##2, )
SFASTD=SFAMEN#* (10. #% (((FASTD/10. ) )##2 #ALOG(10.))-1. )#% 5
LMR=(RAR+RCR+RMR+RSR )/ (RAR+RCR)
LCR=(RAR+RCR) /FaR
SFMEAN=SFAMEN+ (LCR-1)#(TC/TO)+LCR#(LMR—1)#(TM/TO)+LCR#LMR# (LNR-1)+
N (TN/TO) +LCR*LMR#LNR#* (FR~-1)
SFSTD=SFASTD
FSTD=10%( ((1/ALOG (10.))*ALOG 10(1.0+((SFSTD**2.)/(SFMEAN#%2.))))**.5)
FMEAN=10#(ALOG 10(SFMEAN)-. S#(FSTD/10)##2#AL0G(10.))
NSTD=FSTD

RN NN R RCAL CULATE (49599836 96363 5 3 36 3636 38 3 36 36 5638 38 38 3696 3% 3¢ 3
B=1. 7E+4
W=30+10+#AL0OG 10(K#TO#B)

s

2 HRRBRRRRRRRERR AR RERCALCULATE NMEAN NSW+CF D0 0464548 209630 8 5 949 %
AN=FMEAN+W
DFMEAN= (FMEAN-FAMEAN)
SDFMEN= (SFMEAN/SFAMEN)
WRITE(1,873)

Fe4nnttennttntn ettt tQUTPUT CALCULATED VARIABLESH#%% 844544454
873 FORMAT (23X, ‘DERIVED VARIABLES, TABLE 3'/)

WRITE(1,874)W, ZOUT
874 FORMAT(1X, ‘1 W= ’,E10. 4, (dBm)’, 16X,

1’2 I0LT= (/,E10.4,° , ,E10. 4, ') (OHMS) /)
WRITE(1,875)Z0R
3795 FORMAT(1X, '3 ZOR= (’,E10.4,°’ , ', E10.4, ) (OHMS)'/)
WRITE(1, B76)REFLR
876 FORMAT(1X, ‘4 REFLR= (',E10.4, ' , ‘,E10. 4, ') (-—=—- ) /)
WRITE(1, 877)GAMMAR
877 FORMAT(1X, 'S GAMMAR= (’,E10.4,°’' , ‘,E10.4, ') (NEPERS/METER) /)
WRITE(1,878)YS
3’8 FORMAT(1X, '6 YS= (’,E10. 4, . ', E10.4: ") (MHOS)'/)
WRITE(1, 879)YNQ, FR
879 FORMAT(1X, ‘7 VYNO= (’,E10.4, ' ., ’‘,E10. 4, ') (MHOS)"’,2X,
4 ‘8 FR= ’,E10.4, ' (-———- YN

WRITE(1, 880)FATSTD, FASTD
880 FORMAT(1X, '9 FATSTD= ‘,E10.4, ' (dB)’, 12X,
4 ‘10 FASTD= ',E10. 4, (dB)'/)
WRITE(1, 881)SFAMEN, SFASTD
281 FORMAT(1X, ‘11 SFAMEAN= ‘,E10.4, ' (—=——-— ), 8X,
4 12 SFASTD= ‘,E10. 4, ' (-———= Y'/)
WRITE(1, 950)
950 FORMAT( "1, ‘PROGRAM SONF SYSTEM OPERATING NOISE FIGURE 1/13/84
4 ‘,1X, ‘PAGE 2')
WRITE(1,910)B3
10 FORMAT(1X, 'SCENARIO: ’, 1X, A&S5, 1X)
WRITE(1, 920)C3
WRITE(1, 920)D3
WRITE(1, 220)E3
WRITE(1, 920)F3
WRITE(1, 9301603
20 FORMAT (11X, A40)
930 FORMAT (11X, A4Q/)
WRITE(1, 882)LCR, LMR
882 FORMAT(1X, ‘13 LCR= ',E10 &4, ' (—-——-- ), 12X, ‘14 LMR= ‘,E10 4,
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READ(3,820)1.J
820 FORMAT(212)

IF ((I.EQ. 1) .AND. (J.EQ. 1)) THEN
FAMEAN=(76. B8-27. 7#ALOG 10(FMHZ) )
DUFAT=(10. 5+0. 093# (FMHZ-20. 0))
DLFAT=(7. 6+0. 0179#(FMHZ-20. 0))
FALSTD=(4. 93+0. 079# (FMHZ-20. 0))

ELSEIF ((1.EG.2) .AND. (J.EQ.1)) THEN
FAMEAN=(72. 35-27. 7#AL0OCG 10(FMH2))
DUFAT=(10. 6+0. 061#(FMHZ~-20. 0))
DLFAT=(6. 3+0. 021#(FMHZ-20. 0))
FALSTD=(4. 65-0. 024% (FMHZ-20. 0))

ELSEIF ((I.EQ.3) .AND. (J.EQ.1)) THEN
FAMEAN=(47. 2-27. 7#ALOG 10(FMHZ))
DUFAT=(7. 8-0. 089# (FMHZ-20. 0))
DLFAT=(3. 5-0. 132#(FMHZ-20. 0))
FALETD=(4. 353-0. 046%# (FMHZ-20. 0))

ELSEIF ((I.EQG. 1) .AND. (J. EG. 2)) THEN
FAMEAN=(76. B-27. 7#ALOG 10(FMHZ))
DUFAT=(13. 1-0. 022# (FMHZ-48. 0))
DLFAT=(8. 1-0. 44#(FMHZ-48.0))
FALSTD=(7. 13+0. 030# (FMHZI-48. 0))

ELSEIF ((I.EQ.2) .AND. (J.EQ. 2)) THEN
FAMEAN=(72. 5-27. 7#ALOG 10(FMHZ))
DUFAT=(12. 3+0. 0037#(FMHZ-48. 0))
DLFAT=(7. 1-0. 042# (FMHZ-48. 0))
FALSTD=(3. 98-0. 023+# (FMHZ-48. 0))

ELSE
FAMEAN=(&7. 2-27. 7#ALOGC 10(FMHZ))
DUFAT= (3. 3+0. 096%(FMHZ-48. 0))
DLFAT=(1. B+0. 024%(FMHZ-48. 0))
FALSTD=(3, 23-0. 0109#(FMHZ-48. 0))

ENDIF

WRITE(1,838)

838 FORMAT (1X, 'ENVIRONMENTAL NOISE ‘)

WRITE(1, 840)FAMEAN, DUFAT

840 FORMAT (1X, ‘22 FAMEAN= ‘',E10.4, ' (dB)’, 14X,
6 ‘23 DUFAT= ‘,E10.4,’ (dB)’)
WRITE(1: 850)DLFAT, FALSTD
8350 FORMAT (1X, 24 DLFAT= ‘,E10.4, * (dB)’, 15X,
6 ‘2% FALSTD= ‘,E10.4, ' (dB)‘//)

WRITE(1. 831)
as FORMAT (26X, ‘CONSTANTS. TABLE 2'/)
WRITE(1,832)T0, K
852 FORMAT(1X, ‘1 TO= ‘,E10. 4, (DEC K)’, 15X,
6 ‘2 K= ‘,E10.4,°’ (J/DEG K)'//)
CAMMAR=CMPL X (ALPHAR, BETAR)
T0UT=CMPLX( ( (A%%2, ) #(RAR+RCR+RMR+RER) ), ((AR22, )#(XAR+XMR)))
YNO=CMPL X (GNO. BNO)
REFLR={ZOUT-20R)/(ZOUT+Z0R)
YS=(1. /ZIOR)#(1. ~(REFLR*#CEXP (-2. *GAMMAR#DR)))/ (1. +R=ZFLR#+
C (CEXP(-2. *QAMMAR®DR)))
RYS=REAL (YS)
FR=FO+RN/ (RYS)# (CABS(YS-YNO) ) ##2
RREFLR=AIMAQ (REFLR)
RERFLR=AIMAC (REFLR#EXP (-2 #BETAR#DR))
LNR=(EXP (2. #»ALPHAR#DR)# (1. —((CABS(REFLR))#»#2 )#EXP (-4 . #ALPHAR#DR))+
2 ((~2. )*(IMIOR/REZOR))®AIMAG(REFLR#CEXP (-2. *0AMMAR®DR)) )/
3 (1. -((CABS(REFLR))##2 )+((-2. )#(IMZIOR/REZOR))#(RREFLR))
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503

510
313

710

810

811
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813

814

819

2816

817
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RCR=1. 939E-4# ((FMHZ)#% 3)
RAR= (2. B4E-4)#((FMHZ)#%2. )

XAR=(-3. OE+4)/FMHZ

WRITE(1, S3053)RCR, RAR

FORMAT(1X, ‘6 RCR= ‘,E10. 4, ' (OHMS8) ‘. 16X,
‘7 RAR= ’,E10.4, ' (OHMS)')
WRITE(1.310)XAR

FORMAT(1X, ‘'8 XAR= ‘,E10.4, ' (OHMS8) ‘/)
WRITE(1.3519)

FORMAT (1X, ‘MATCHING NETWORK ‘)

IMZOR=(1. 2O9E-2)-2. 65%( (1/FMHZ)#». 3)
ZOR=CMPLX(REZOR, IMZOR)

ALPHAR=1, K &4BE-3#(FMHZI## 5)+8 OE-6#(FMNZ)
BETAR=(J. 18E-2) #FMHZ

##INPUT (1) FOR MATCHED NETWORK. INPUT (0) FOR NO MATCHING NETWORK*»

FORMAT (1)
READ(3, 710)N
IF (N .LT. 1) THEN
RMR=0. O
XMR=0. O
RSR=0. O
A=1.0
ELSE
RMR=4.  6E+2/ (FMHZ##1. 5)
XMR=3. OE+4/(FMHZ)
RSR=0. 25
A=SART ( (REZOR/ (RAR+RCR+RMR+RSR) ) )
END IF
WRITE(1, 810)RMR, XMR
FORMAT(2X. ‘9 RMR= ‘,E10.4, ' (OHMS)‘, 14X,
‘10 XMR= /,E10. 4, * (OHMS) ')
WRITE(1,B811)A, RSR
FORMAT(1X. ‘11 A= ‘,E10 4, ' (—==-- )0 16X,
‘12 RSR= ’,E10. 4, (OHMS) '/)
WRITE(1, 812)
FORMAT(1X. ‘RECEIVER NOISE’)
WRITE(1,813)F0, RN
FORMAT(1X. ‘13 FO= ’,E10. 4, ’ (~==—= ). 13X,
‘14 RN= ‘,E10. 4, ° (OHMS) )
WRITE(1, 814)ONO, BNO
FORMAT(1X, ‘15 ONO= ’,E10. 4, ' (MHOS)‘, 13X,
‘16 BNO= ', E10. 4, ' (MHOSB)'/)
WRITE(L,81%)
FORMAT(1X, ‘TRANSMISSION LINE )
WRITE(1, 816)REZOR, IMIOR
FORMAT(1X, 17 REZOR= ‘,E10.4, ' (OHMS)’
13X, ‘18 IMIOR= ‘,E10. 4, ' (OHMS) ')
WRITE(1,817)ALPHAR, BETAR
FORMAT(1X, ‘19 ALPHAR= ‘,E10. 4, ' (NEPERS/METER) ‘', 4X, ‘20 BETAR=
+E10. 84, ' (NEPERS/METER) ')
WRITE(1,818)DR
FORMAT(1X, ‘21 DR= ‘,E10.4,’ (METERS)‘/)
RNERROBRNERRNRNRNDIRRSBRRRRRRSBBRRRRBRRBRRBRERRBRRBCRBERPRRRR RSB RSB RN RE
# [=AREA, J=FREQUENCY RANGE *
* 1=BUSINESS, 2=RESIDENTIAL, 3=RURAL 1= (20-48)MHZ, 2=(48-102)MHZ »
BRRBRBBRBBERRRRRRARPEERBRRBRBBRABBBDRRDBRBBRBRRRERBBRRRRRB R RN R R RES
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11 C. Listing

LA aa g s ad ad Il 222X i A2l 22l e e Y Y LY LNy

* PROGRAM SONF SYSTEM OPERATING NOISE FIQURE *
TSI 000 36 A 0B A 0000 S0 00 0000 3000 00 0000 0 0000 30 0 00000 000 00 200

o000

REAL K, IMZOR, LCR, LMR: AN: LNR. NSTD
COMPLEX ZOR. YNO. QAMMAR. ZOUT, YS, REFLR
CHARACTER#45 B3, €3, D3, E3, F3, 03

*+24#8SONF. DAT IS THE DATA FILE, SONF.OUT I8 THE OUTPUT FILE####

o000

OPEN(UNIT=3, TYPE=‘0OLD ‘, NAME=‘SONF. DAT ‘)
OPEN(UNIT=1, TYPE='NEW ‘', NAME='SONF. OUT ‘)
WRITE(1,10)
READ(3, 3)B3
READ(3, 6)C3. D3
READ(3, 7)EQ, F3
READ(3, 803
FORMAT (A&LS)
FORMAT (2A20)
FORMAT (2A3%)
FORMAT (A3S)
FORMAT (1H1. ‘PROGRAM SONF SYSTEM OPERATING NOISE FIGURE 1/13/84°
1 .2X:. 'PAQE 1)
WRITE(1, 20)B3
20 FORMAT (1X, ‘SCENARIO: ‘., 1X, A&S, 1X)
WRITE(1.2%)C3
235 FORMAT (11X, A40)
3% FORMAT (11X, A40/)
WRITE(1,29)D3
WRITE(1, 2%9)E3
WRITE(L, 23)F3
WRITE(1,3%)63
75 FORMAT (5F10. 4)
100 FORMAT(6F10. &)
READ(3. 73)FMHZ, B, TC, TM, TN
READ(3, 100)F0Q, RN, GNO. BNO. REZOR. DR
[ SRARBARBRVBR BR800 RWRITE INPUT VARIABLESH® 8580000080049 8030 54 4 4

cCmNOW

WR1TE(1, 200)

200 FORMAT (24X, ' INPUT VARIABLES, TABLE 1°/)
WRITE(1, 223)

223 FORMAT (1X, ‘FREQUENCY )
WRITE(1,300)FMHZ, B

300 FORMAT(1X, ‘1 FMHZI= ',E10. 4, ' (MHZ)’, 16X, ‘2 B= ',E10.4, ' (H1)'/)
WRITE(1, 3093)

303 FORMAT (1X, 'TEMPERATURE )
WRITE(1,329)7TC. ™M

e -4} FORMAT(1X, '3 TC= ' E10. 4.’ (DEGC K)‘, 14X,

S ‘4 TH= ‘,E10.4,' (DEQO K)")

WRITE(1,330)TN

330 FORMAT (21X, 'S TN= ‘,E10.4., ' (DEQ K)'/)
WRITE(1,333)

333 FORMAT (1X, ‘ANTENNA ')

FRBRRRRR2 00002000 00CALCULATE FMEAN(CFD ) #0RR 8RR AR RRRRRRRE

ana

TO=2. 8BE+2
K=1. 3BE-23
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II B. Files

SONF.FIN is the FORTRAN source code file. The input and output
files are SONF.DAT and SONF.OUT, respectively. By typing

>RUN SONF <cr>

input data will be read fram SONF.DAT and output data will be
written to SONF.OUT.

Each time SONF is executed, successive version numbers of
SONF.OUT are created. These are accessed by specifying the desired
version number and will remain in the directory until they are
purged.

SONF.FIN, the FORTRAN source code file; SONF.LIST, the FORTRAN
listing file; and SONF.TSK have been stored on a backup tape under
the label SONF using the DEC utility copy. The following sequence
of commands allow files to be read from the backup tape:

>ALLOC MSO: <cr>
>MC MOU MSO: SONF <cr>
>copy <cr>
>Fram: MSO: FILENAME, FILETYPE <cr>
>To: DRO: [200,244] <cr>
>DIS MSO:
{cr>: carriage return
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TABLE II-4
Numerical Values, Input Variables (cont.)

ALGEBRAIC
NO. SYMBOL NUMERICAL VALUES UNITS
(7.6 +0.0179 (fyy, -20), 20-48 m1z= business
8.1 - 0.44 (£, —48), 48-102 MHz area
T_— 24 Dy g < 6.5+ 0.021 (£, -20), 20-48 MHz ) ' yyeneial| aB
2 Ta,t 7.1 - 0.042 (£ ~48), 48-102 Miz area
1
[-]
(4]
- . 5.5 - 0.132 (£, -20), 20-43 MHz : rural
$ o
s . \1.8 + 0.02 (£, ~48), 48-102 MHz | 278
e -]
- =.
s a
'3 a
[ ] <
€ (4.93 + 0.079 (fy,, -20), 20-48 MHz }busmess
. 7.13 + 0.030 (£, ~48), 48-102 Miz area
> A %S e
. 4 Cn
. op, ¢ J 4.65 - 0.024 (£, -20), 20-48 Miz gresidential 4B i)
. oA
’ 3.98 - 0.023 (£ ~48), 48-102 MHz ) 372 S
PRt
PPy
4.53 - 0.046 (£, -20), 20-48 Mz ;mral -—3
ares IR
\ 3.23 - 0.0109 (£0,748), 48-102 MHz E-I""t'f’-'t"-:‘i‘:
SR
."'.(.?_:L\-{""‘.
IR LN
NS
e o
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TABLE 11-4
Numerical Values, Input Variables (cont.)

ALGEBRAIC
NO. SYMBOL NUMERICAL VALUES UNITS
17 Re(zor) 50 ohms
18 Im(zor) | 1.25 X 1072 - 2.65(£,, )" 1/2 ohms
° MHz
13
e w
- 3 1/2 6
s = - -
H s 19 e 1.68 X 10 (fHHz) +8.0X10 flﬁlz nepers/m
[3 ®
- G
e a
e <
b ~2
20 Br 3.18 X 10 fHBz nepers/m
21 d 10 m
r
67.2 - 27.7 logm f}mz' rural areas
T 22 (Fg) 72.5 - 27.7 log,, f\y,, residential areas dB
* -
- 76.8 - 27.7 log10 fm. business areas
-]
€ o
. x
e °
: H 10.5 + 0.093 (fm-ZO), 20-48 MHz }busme“
a area
§ a 13.1 - 0.022 (£, -48), 48-102 MHz
»
< 10.6 + 0.061 (fmz-zo), 20-48 MHz residential
23 D area dB
[ wr, 12.3 + 0.0037 (£, -48), 48-102 WHz
7.8 - 0.089 (fmh-ZO), 20-48 1Hz rural
area
5.3 + 0.09 (fmz-éﬁ), 48-102 MHz
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TABLE 11-4
Numerical Values, Input Variables

ALGEBRAIC
NO. SYMBOL NUMERICAL VALUES UNITS

]

1 fMHz 30, 50, 88 MHz

| Appendix

2 b 1.7 X 10% Hz

riroquoncy

2.88 X 10° deg K

w
(ad
n

4 t 2.88 X 10° deg K

temperature
Appendix B

2.88 X 102 deg K
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TABLE I1-2

CONSTANTS, SYSTEM OPERATING NOISE FIGURE

ALGEBRAIC COMPUTER
NO. SYMBOL SYMBOL | DEFINITION | VALUE | uNITS
1 LI TO reference noise temperature 2.88 X 102 deg K
2 k K Boltzmann's constant 1,38 X 10723 J/deg K
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WRITE(1, 883)LNR

FORMAT(1X, 15 LNR= ‘,E10.4, * (==—-=)"/)
WRITE(1, 884)8FMEAN

FORMAT (1X, ‘16 SFMEAN= ‘,E10. 4, ' (————- Y'/)
WRITE(1, 883)8FSTD, FSTD

FORMAT(1X, '17 SFSTD= ‘', E10.4, ' (~=——— Y/, 10X, ‘18 F8TD=
‘ dB) /)

WRITE(1, 8686)FMEAN, DFMEAN

FORMAT(1X, ‘19 FMEAN= ‘,E10. 4, ‘' (dB)‘, 13X,

‘20 DFMEAN= ‘,E10.4, ' (dB)’/)

WRITE(1, 887 )8DFMEN, AN

FORMAT(1X, ‘21 SDFMEAN= ’,E10.4, ' (—-———-)‘,8X,
‘22 NMEAN= ‘,E10.4, ' (dBm)’'/)

WRITE(1, 890)NSTD

FORMAT(1X, ‘@3 NSTD= ‘,E10.4., ' (dB)‘/)
CLOSE(UNIT=1, DISP='SAVE ‘)

CLOSE(UNIT=3)

sSTOP

END
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APPENDIX III

PROGRAM SONF INPUT PARAMETERS: VHF-FM RECEIVING SYSTEM WITH AN

Section

IIT A.

III B.

III C.

III D.

ITII E.

III F.

III G.

ELECTRICALLY-SHORT MONOPOLE ANTENNA

CONTENTS
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Impedance Matching Network Parameters: Xm,r’ Ym,r’ ar rg p 89
Receiver Parameters: fo' ror 9nor bno 96

Transmission Line Parameters: Re(zor), I.m(zor),ar, Br' dr 100

Man-Made Environmental Noise Parameters: F_, O, 103
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III A. Frequency Parameters: f b

MHz'

Frequency, fuuz

The frequency band of interest is the VHF-FM band 30-88 MHz.
Particular frequencies of interest are 30, 50, and 88 MHz which
correspond on a log10 scale to the lower, middle, and upper
frequencies of the band.

Noise Power Effective Bandwidth, b

Naominal bandwidth characteristics are:

Channel spacing - 25 kHz

Occupied bandwidth -~ 99 percent of the emitted spectral
camponents falls within a bandwidth of less than 19 kHz

IF bandwidth - 17 kHz, 3 dB bandwidth

The noise power effective bandwidth b is approximately equal to
the 3 dB IF bandwidth. Accordingly, b = 17 kHz.
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III B. Ambient Temperature Parameters: tc' tm’ tn

The ambient temperatures t_, t, and t, of the antenna, matching
network, and transmission line, respectively, are normally not
appreciatively different from the reference noise temperature typef =
288 deg K. The reference noise temperature tref is set equal to 288
deg K because measurements of man-made environmental noise are

usually referred to a terminal noise temperature of 288 deg K.(l)

Accordingly, t, =t =t =t ¢~ 288 deg K.
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I1II1 C: Antenna Parameters: ra.r' xa,r' rc.r

Consider a cylindrical monopole antenna of height h and radius
a, over an infinitely conducting ground plane of infinite extent
(see fig.(111-1). Assume that the antenna geometry satisfies the

following conditions:

27h

<< 1 (electrically short) (111-1a)
21ra°

<< 1 (electrically thin) I11-1b)

ao/h << 1 (geometrically thin) (I11-1¢)

This antenna is selected for consideration because its input

impedance properties are well known. If there is no top loading,

then the current distribution I(z,t) is given by:

I, sin(8(h - 2)] cos ut, 0 <z <h

I(z,t) =
Im sin{g(h + 2)] cos wt, -h <z <0

I(0) (1 - %) cosut, 0<z <h
a1r-2)

- el

I(0) (1 + %) cos wt, -h <z <0
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where

: 1(0) = I_ sin(8h)
; 8 = w VEg = 2n/) = (2u/l°),/erur
)

° wavelength in free space

b
n

Mpv€p = relative permeability, permittivity, respectively, of

homogeneous medium in which monopole is imbedded.

The input impedance equivalent circuit of the antenna and

its matching network is shown in fig. 2 of section 2.

Radiation Resistance, r
a,r

The radiation resistance ra r with respect to the peak base

current I(0), for a sinusoidal current waveform with a triangular

2
spatial distribution, is given by()

1]
&
(=]
=3

(111-3)

" 3/2 °r1/2 u0'2 (h/ko)z
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Input Reactance, xa r

] SO

[N

The input reactance x + Wwith respect to the peak base current

a,r

I(0), or conditions (IlI-1), is given inconsistently in the literature
by @ -6

A
e VE o) ] 26 () %]

where the positive sign corresponds to References [3], [4) and the
negative sign corresponds to Reference [5].

The input series capacitance ¢ corresponding to Eq. (I11-3) 1s

given by
A €
- 1 ___e T [=_h r
¢ = X o 21;\/%"0 <30)\> h
a,r o] ln (a_ + 1
(3
her 1 53-8 ¢,h (111-5)
‘ T PR D
RURLRL RV
60 X 3 X 10 Inla ) +1 In\a / + 1 _}:::;::?x_\ ,
SN
SRR
The series capacitance C is approximately equal to the :{:‘_‘1“:*;
® e
quasi-static series capacitance of the antenna . ——
ot
Eq. (111-3) neglects the shunt capacitance between the antenna ‘
and the ground plane. The shunt capacitance reduces the current .; = “\
oo
delivered to the antenna and therefore reduces the power radiated by STy
\~.._:‘\:_\:_-, i
the antenna. ,::::-*3:-:-;;‘
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Ohmic Loss Resistance, er
1

The ohmic loss resistance re r for a current of sinusoidal

temporal waveform and triangular spatial distribution, is given

by (7),(8)

h
2 R
. _2 Pohmic - 5 Iz(z) dz
T 12(0) 1%(0) 2ma
0
h
2R 2
1°(0) Znao ’
0
" 1/2
R
s h h T
= q = III-6
2ma 3 6ao <nxoo e°> ( )
where »
NGO
Pohmic = time-averaged ohmic loss of antenna (watts) \ixfﬁlt;
i Sl S
1/2 NAC
Rg = surface resistivity (ohms/square) = (vup/eqy Ao °DC) / £“§:$:%?
opc = DC conductivity (mhos/meter) A
u, = relative permeability of conductor (=) ;$5§§5§i
e
€ = permittivity of free space (farads/meter) ?-?;::?g
..‘.‘-_ '_.._._. "
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Numerical Example

Consider a monopole antenna whose parameters have the following

numerical values:

h = 10 inches = 0.254 meters
a° = 0.714 inches = 0.01814 meters
p = Ep !

copper conductor (oDC = 58X 107 mhos/meter,

-7
Rs = 2.61 X 10  /f ohms).

For these numerical values, Eqs. (I1I-3), (I1I-4), and (I11-6) reduce to

-4 2

Faur * 2.84 X 107" £, (ohms) (111-7)

- %y (1 + 0.38)/f
Xaur © -(2.97 X 10 + 0, MHz

~ _ b (I11-8)

~- 3,0 X 10 /f‘MHz (ohms) \

-4

- 1-9

Pour = 1.939 X 10 Vv f iz (ohms) 111-9)

The value h = 10 inches corresponds to a VHF-FM antenna which

can be packaged inside a standard airborne blade configuration.

The value a, = 0.714 inches is chosen as that h/ao = 14 and the

Ref. (5] parameter 2 = 2 1in (2h/a°) = 6.66. In Ref.[5), Q =7 is

87
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the lowest value for which Eq. (6¢) of Ref. [5) is evaluated. Lower
values of 2 correspond to fatter antennas and larger errors in the

application of Eq. (6c) to estimating monopole input reactance.
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ITI D. Impedance Matching Network Parameters: Xpps T a, r

m,r? S,r

Reactance, x
m,r

The reactance of the inductive matching network should be
designed to be equal to the conjugate of that of the dipole antenna

input reactance X Accordingly,
]

-X , with matching network
a,r

x = juL = (111-10)

o, no matching network

where L is the inductance of the matching network.

o
P )
LI ]

., " A’J' ] =

. e -

S

Coll Ohmic Loss Resistance, r

1, T

Consider a single layer solenoid of n turns whose unwound
length is much less than a wavelength.

The inductance L is given . pproximately by«”

nz[dz/(18d + 40£)] (mircohenries) (111-11)

[
L]

where

£ = length of solenoid axis (inches)

a.
[}

diameter of solenoid (inches)
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The unloaded quality factor Qm, for solenoids whose diameter is
sufficiently small so that its ohmic loss resistance is much larger

than the radiation loss resistance, is given approximately by

Q= A d f:m/i (111-12)
where

A = ordinate of Figure (111-2)

d = form (solenoid) diameter (inches)

f

frequency (MHz)
Eq. (111-12) includes induced e.m.f. proximity effects on ohmic loss.
The coefficient A is approximately proportional to the number of
turns n because the stored energy is proportional to n2 and the
ohmic loss is proportional to n. The quality factor Qm is propor-
tional to (frequency)ll2 because the stored energy is proportional
to f and the ohmic loss is proportional to fl/z.
The coil ohmic loss resistance rm,r is given by

xm,r/Qm’ with matching network
r = (111-13)

0, no matching network

where Xr is given by Eq. (111-10) and Qn is given by Eq. (111-12).
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EFFECT OF ANTENNA IMPEDANCE MISMATCH ON THE 2/2
SIGNAL-TO-NOISE RATION OF A RADIO RECEIVING SYSTEM(U)
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Transformer turns ratio, a

Consider a low-loss transmission line of characteristic impedance

z - which is connected to the secondary of the ideal transformer of

the antenna matching network. The voltage reflection coefficient

N
v

I‘r at the transmission line is given by

2
Zout = 2 [(ra,r + rc’r + rm,r + rs,r) + j(xa,r +x )]

For I‘r = 0 and zorwRe(zor),

RSN
= - I1I- hamXm
xm,r xa,r (I11-15) "-\.\_‘:.’h
Ks_?\-" 1

a = [R (z )/ (r +r +r +r )]1/2 (III-16) t AL

e’ or a,r c,r m,r s, T A

-y‘.“h'::y.y‘-

LIS
In the absence of a matching network, t:_‘.'{.'&'.-

P P
- “ﬁ \k
. a=1 (I11-17) phana

o St
A “'P'. '.-.i"’. ﬁ
- Switch Ohmic Loss Resistance, r T
.‘dh-" slr F...;' _‘_'.‘(.
el AN
e The ohmic loss resistance of the switch depends upon the number {-.:j-.:,’g i
‘ . )

of series and parallel switches in the circuit and whether they are

located on the primary or secondary side of the ideal transformer.

If the series résistance of each gwitch is stitch’ then for k
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,E switches in parallel,

stitch/k’ k switches located on secondary side of

. ideal transformer

:: 1:3’r = (II1I-18)
N 2

(R /ka ), k switches located on primary side of

: switch

y ideal transformer.

>

™ where a is the transformer turns ratio.

<

- Numerical Example

5 From Eq.(III-4)and Eq. (III-10).

. 3.0 X 10*/£, , with matching network

:‘:' xm,r = (I11I-19)
: 0, no matching network

L Consider a single layer solenoid of diameter d = 0.5 inches and
!j length £. From Fig.(111-2),Qm of the solenoid increases with increas-
+] ingly values of £/d and levels off for £/d~3.0. Let £ = 1.5 inches,
% In Eq.(III-12) the coefficient A = 130 for £/d = 3.0. From Eq.(III-12),
) _ 1/2 _ 1/2 —90)
- Qm =130 X 0.5 X fMHz 65 fMHz (I11-20)
! (10)
> At 30 MHz, Qm = 356. A more exact formulation gives Qm = 380.
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The inductance L is given by

4
L. xm,r ] 3.0X 10 /fMH

3 z _ 4.77 X 10°
2uf

3 (uh) (I11-21)
MHz

6
27 X 10 /fMHz f

At 30 MHz, L = 5.3 yh. From Eq. (IIi-11), the number of turns n is given

/2 = 38.2 turns at 30 MHz. This number of

by n = % [L(18d + 4011)]1
turns can be packaged in an axial length £ = 1.5 inches so that the
conductor diameter is much larger than the skin depth. The ohmic

loss of the solenoid is given by Eq. (111-13) to be

T : - e~ r_ s ’
Tt - s . 3, : ’ P
s - LN - 4 b v
» - "t
. E ) . 2
. A g
* h h s .
K ] ‘- g - A %
[} -0 -y - - 14 N S .
1 €. - . N - i - .
> 4 . ~ -
. " RS . DRy
. 43 - s = L. -

4.6 X 102/f3/§, with matching network
rm,r = (I11-22) oL
'n ':-'r"r Gt
0, no matching network ‘R "
hat
At 30 MHz, r_ _ = 2.8 ohms. & >
m,r ’. 0]
For a P-I-N diode switch (Unitrode Model UM7200, dc¢ forward m
-"‘\. L ‘,
current bias of 100 ma), the series resistance R = 0.25 ohms. Fr:},%}:}‘
switch 7 :b_.\ ]
L‘.‘ .‘"," 3
For present purposes, assume that the switching network consists b ,i?:"
v LI L P

of a single switch which is located on the secondary side of the
transformer. From Eq.(I11I-18), for k =1,

rs,r = stitch = 0,25 ohms (I11-23)

The efficiency n, of the antenna with its matching and switching

networks, is given by

.
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= r +r Q (111-24)

where, for impedance-matching conditioms,

r
m,ry _ ' m,T a,r o

Ile lx. | «Q
ra,r ra,r Qm ra,r Qm Qm

|/

Q = antenna quality factor = |x

a,r'’ "a,r

Q, = matching network quality factor = |x_ _|/r

m,r'' “m,r

At 30 MHz for the above example, " 0.25 ohms, LR 1.05 X 10-3

? b

ohms, r = 2.8 ohms, ¢ = 0.25 ohms, @ = 3.9 X 103, and
m,r s,r (o)

q =3.8% 102. Accordingly,

- _"i Z
n=.0774 = -11.1 dB (mi-25) n:"i; s«’:"s:i-

el 4

The poor efficiency, given by Eq. (1I7-25) , results mostly from ohmic

loss in the impedance-matching network.
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111 E Receiver Noise Parameters: f , r , g , b
o’ "'n” "no®> "mo

agey

The receiver noise factor fr for an arbitrary source admittance

11
v, 1s given by( )12

T

SO SN

= n - 2 )
LA R () Iys (8o * jbno)l (111-26)
f Minimum Noise Factor, f
! The receiver noise factor fr has a minimum value fo when the

source admittance Yo (looking back at the transmission line) is
N Vg = 8n0 + jbno' Assume that the receiver is designed to have a
. minimum noise factor f° when Vg = Vg0 = 20 X ].0-3 mhos corresponding

- to a source impedance zg =2, = 50 ohms.

Sag Y

The predetection noise equivalent power P, at the input to the

A

receiver is given by

9

\l

. -

- P, = Ktyegd £ (111-27)

o
. -3

-

i = kt. b £, Vg = Vg0 = 20 X 10 ~ mhos

>

%

~ where

-

.

.

3

h

~

>

a

'
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kt . .¢b = reference noise power

4

= 1.38 x 10723 /% x 288 °K X 1.7 X 10 Hz = 6.76 X 107 7w,

(I11-28)

The receiver FM sensitivity is such that a signal generator,
with an output impedance z, = 50 ohms and an open-circuited rms signal
voltage Voe = 0.6 uV when placed at the input to the receiver, causes
a post-detection audio output with (signal + noise)/noise
= 10 dB for + 5 kHz FM deviation at 1 kHz. "The corresponding
predetection (signal + noise)/noise ~8 dB as shown in fig. (111-3)
for a modulation index m = 5 kHz/1 kHz = 5 for a typical FM receiver(lsl

The predetection signal available power P corresponding to

Ve = 0.6 uV is given by

= 2 = ~7 12 - -15
pg = Vi /42, = (6.0 X 107" V)“A4x50) = 1.8 X 10

s W (III-29,

The predetection noise equivalent power P, is related to P by

P,

10 loglo (5;- + 1> ~ 8 dB (III-30)
) Therefore,

p = p,/5.3=1.8% 1015 w53 = 3.6 x 200w (III-31)
]
|
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DETECTEDS/N, dB

1A-65,920

Figure III-3.

PP P AR R R CR LT A
[N e . N

m = FM MODULATION INDEX
60
m=10
50
40 m=3S
m=2
=1
30 / m
AM
20
10 /
0
0 10 20 30 40

PREDETECTION S/N, ¢B

Detected S/N vs. Predetection S/N.
(After C.P. Walsh, "Frequency Modulation
Principles", Electro-Technology, January 1965)
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Subsituting Egs. (III-28) and (III-31) into Eq. (III-27),

£, = 3.4 X 10716 w/6.76 x 10717 w = 5.03 (II1-32)
which corresponds to a receiver noise figure Fy = 10 logygf, = 7.0 dB.

Noise Parameter, r,

The r, noise parameter |see Eq. (III-26)| of a Collins VHF-186 f?
receiver (whose AGC was deactivated) and also of a 3N211 MOSFET -
transistor were measured by MITRE Corporation utilizing a diode
noise generator in cascade with a low-loss reactive network with

variable output impedance. The measured values were found to be

r, = 45 ohms and 67 ohms, respectively. The first RF stage of the Coo
receiver consists of a 3N211 MOSFET preceded by a filter whose 3 jl\*f%
insertion loss has the effect of increasing the minimum noise factor

of the receiver while decreasing the r, noise parameter.

The numerical results of Section 3 were obtained by assuming

r, = 100 ohms.

Noise Parameters g,,, bno

The receiver is conventionally designed to have a minimum noise

factor f, for a source admittance yg = 1/Ro(2gy) = 20 X 10~3 mhos.

Therefore, from Eq. (III-26), 'xiu[;J»;
"‘?L L ':-'\"u.
dno = 20 X 1073 mhos
(III-33)
bno = 0 mhos
\-L,'\ s\ik\ ‘(
“:‘..“:“ ."-,-',:\' ..'d
:_: \’ \ >
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111 F Transmission Line Parameters: Re(zor), Im(zor)

s

a B, d

r’ 'r r

The characteristic impedance - and propagation constant Yr

of a transmission line are given by(l4)
2 =R (z, ) +3L(z)=[R+3/E+?  au-so
or e “or 3 *a‘%or w Ju
= : . N 1/2
Y, = o + JBr = [(R + jwL) (G + jwC)] (111-35)

r
r
1

series resistance, inductance per unit length respectively

(2]

-

a
[]

shunt conductance, capacitance per unit length
repectively

€
]

2nf = radian frequency

RG - 58/U Coaxial Line

RG-58/U is a low-loss line (R/wL << 1, G/wC << 1) with a copper

conductor and polyethylene dielectric of dielectric constant

4

e, = 2.3, dielectric loss factor Fp =5 X 10 ', and relative

permeability My = 1.

(14)
For RG-58/U coaxial line, Eqs.(III-34) and (III-35) reduce to
1/2
Re (zor) =~ (L/C) = 50 ohms (111-36)
100
4 '-E;‘ ‘: ;: ‘:n ::":l. o .'_‘ e “:;' :::; ‘._\ S ;- _\_\'_‘—:::"-_'. i ~ R '::;:;- e : -::’ ‘; - ; .‘A




N 1/2 _ 2nf 1/2 _ -2
Br =~ w(LC) === (erur) = 3.18 X 10 fMHz nepers/m
(III-37)
where
1/2 8
c = (eouo) = wave velocity in free spacex3 X 10 m/s
L1 1/2 12, L (R, 6 _
a =3 [R(C/L) + G(L/C) = Br[Z oL + wC)] =a + g
- -3 1/2 -6 (T1I-38)
=1.68 X 10 (fMHz) +8.0X10 fMHz nepers/m
where
1 1/2
a, = conductor attenuation constantx7 R(C/L)
_ -3 1/2
= 1.68 X 10 (fMHz) nepers/m
1 1/2 B
ay = dielectric attenuation constantx% G (L/C)
RENPORERRY
i 2 1/2 ~6 DR
=1.05 X 10 fMHz Fp(er) = 8.0 X 10 fMHz nepers/m
g e _4'
1,6 R, _ S
Im(Zor)/Re(Zor)~§ ( o H) = (Old - 01(:)/6r R
~ -6 -3 1/2
= 8.0 X 10 fMHz -1.68 X 10 (fMHz)
2
3.18 X 10 fM]-Iz
_ -4 -2 -1/2 -
=2.5X 10 - 5.3X10 (fMHz) (ITI~39)
_ -2 -1/2 - RN
I_m(zor) =1.25 X 10 2.65 (fMHz) ohms (I1I-40) :::::“‘1
101
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The nominal length dr of the transmission line for installation
of the receiver system in many aircrafts of interest are
dr =10 m (I11-41)
102
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FROGRAM SUNK

SCENARIO MATCHING NETWORK

RESIDENTIAL AREA

FREQUENCY. 30MHz

10" MONOPOLE ANTENNA, 1 4 in DIA

RECEIVER £,=5 1, =100 OHMS

RG~58/U COAXIAL L.INE, 10M LENGTH

INPUT VARLABLES. TARLE 1
FREQUENCY
1 FMHZ= O 3000E+02 (MHZ) 2 B- 0 1700E+05 (HZI)
TEMPCRATURE
3 TC¢ 0 28B0E+03 (DEG W) 4 TM:= 0 2880E+03 (DFG K>
S5 TN O @8B0OE+03 (DEG W)
ANTENNA
& RCR= O 1062E-02 (OHMS) 7 RAR<T O 29%&E+(0 (OHMS)
8 XAR= - 10Q0E+04 (OHMS)
MATCHING NE TWORK
9 RMR= 0 2799E+01 (0OHMS) 10 XMR= O L0O0E+04 (UHMS)
11 A O 3889E+01 (----—) 12 RSR= 0 2500E+00 (OHMS)
RECEIVER NOISE
13 FO:: O S030E+01 (---—-- ) 14 RN= O 1000E+03 (0OHMS)
15 GNO= O 2000E-01 (MHOS) 16 BNO-= O OOOOE+00 (MHOS)
TRANSMISSION LINE
17 REZGR= O SO00E+02 (OHMS) 18 IMZIOR= — 47136400 (QHMS)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER
21 DR: 0 1000E+02 (METERS)
ENVIRONMENTAL NOISE
22 FAMEAN= O 3158E+02 (dB) 23 DUFAT= O 1121E+02 «dih
24 DLFAT= O &710E+01 (dB) 25 FALSTD+= O 4410E+01 «dB)
CONSTANTS, TABLE 2
1 TO- O 2BBOE+03 (DEGC W) 2 K= 0 1J80E-22 (JMELEG K
DERIVED VARIABLES. TABLE 3
1 W- - 1317403 (dBm) 2 20UT= (0. S000€+02 . O OVOOL +LO»
3 2UR= (0O SO000E+02 . - 4713E+00) (0OHMS)
4 REFLR= - 2218€-04 . O 4713E-02) (----~)
5 GAMMAR= (0 9442E-~02 . O 9540E+00) (NEPERS/METER)
& Y8= (0 1996E-01 . O 3433E-04) (MHOS)
7  YNO= (O 2000€-01 . O OQOOE+00) (MHOS) B8 FR- O 5030E+01 *¢---- !
9 FATSTD= O 70680E+0G1 (dB) 10 FASTD= O B341E+0)1 (dB)
11 SFAMEAN= O 9106E+04 (----- ) 12 SFASTD= O S5&4B&LE+0Y (- =-- -
13 LCR= O 1004E+01 (--—-- ) 14 LMR= O 1288E+02 (--- -}
15 LNR= O 1208E+01 (-==-- )
16 SFMEAN= O 9184E+04 (--~--- )
17 SFSTD= O S&4B6E+0Y (----- ) 18 FSTD= 0 B322E+01 (dB)
19 FMEAN= O 31646E+02 (dB) 20 DFMEAN= 0. 7276E-01 (dB)
21 SDFMEAN= O 1009E+0! (-——--- 22 NMEAN= - 1000E+Q3 (dBm)
23 NSTD= O B322E+01 (dB)
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FROGRAM SONF SYSTEM UFERATING NOITSE F IGURE Run 1
SCENART MATCHING NE TWORK

BUSINESS AREA
FREGUENCY. 3OMIH2
13" MONOPOLE ANFENNA, 1 4 v DILIA
RECEIVER fo 9. Ty <100 0HME
PG -58/U COAXIAL LINE, {OM LENCIH
INFUT VARTABLFES, TABLE 1
FHEQUE NCY
I FMHZ= O 3000E+02 (MHZ: 2 B- 0 1700e+0% (M
TEMPEKATURE
3 IC- O 2BBOE+03 (DEG W) 4 TH: O 2880E+03 (DEG K
S TN O 2880E+03 (DEG K)
ANTENNA
&4 RCR= 0 1062E-02 (OHMS) 7 RAR~ O 2556E+00 (OHMS)
B XAR= - 1000E+04 (QHMS)
MATCHING NETWORK
9 RMR= O 2799E+01 (0OHMS) 10 XMR= O 1000E+04 (OHMS)
11 A QO 3B8PE+01 (--~—- ) 12 RSR= 0 2SC0E+00 (DHMS)
RECEIVER NOISE
13 FO= O S030E+01 (-~-—- ) 14 RN= 0. 1000E+03 (OHMS)
13 GNO= O 2000E-01 (MHOS) 14 BND= O 0000E+00 (MHOS)
TRANSMISSION LINE
17 RE7OR= O 3%000£+02 (OHMS) 18 IMZ0OR: - 47313E+00 (OHMS)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER!
21 DR O 1000E+Q2 (METERS)
ENVIRONMENTAL NOISE
22 FAMEAN= O 3588E+02 (dB) 23 DUFAT= O 1143E+02 (di¥»
24 DLFAT= 0 7779€+01 (dB) 25 FALSTD= O 5720E+40! dD»
CONSTANTS, TABLE 2
1 TO= O 28B0E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG K
DERIVED VARIABLES, TABLE 3
T W 1317E+03 (dBm) 2  I0UT= (0 DOOOE+02 . O OOOOE +0G) (IHMG -
3 I0R= (0 5000E+02 . - 4713E+00) (0OHMS)
4 REFLR= (- 2218E-04 ., 0 4713E-02) (- =---)
S GAMMAR= (0 9442E-02 . O 9540E+00) (NEPEHS/METER)
& Y¥S~ (0 1996E-01 ., 0. 3433E-04) (MHOS)
7 YND= (0 2000E-01 , O OOOOE+O00) (MHDS) 8 FR= O S5030E+01 (---- -}
9 FATSTD= O 7533€+01 (dB) 10 FASTD= O 9474E+01 (dR)
11 SFAMEAN= O 4186E€405 (~---- ) 12 SFASTD= O 45Q1E+06 (---—--)
13 LCR= O 1004E+01 (--=--- ) 14 LMR= 0O 128BE+02 (-----)
13 LNR= 0 120BE+01 (—----- )
14 SFMEAN= O 4194E+0% (—----- )
17 SFSTD= O A301E+06 (--——- ) 18 FSTD= 0. 9471E+01 (dB)
' MEAN= O 3Z90E+02 (dB) 20 DFMEAN= O 1602E-01 (dB)
2) SDFMEAN= O 1002E+01 (----- ) 22 NMEAN= - 9580E+02 (dDBm)
23 NSTD= 0 9471E+01 (dB)
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APPENDIX IV

PROGRAM SONF PRINTOUTS: VHF-FM RECEIVING SYSTEM WITH AN
ELECTRICALLY-SHORT MONOPOLE ANTENNA
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January 1960.

12. H. A. Haus, et al, "Representation of Noise in Linear
Two~Ports", Proc. of the IRE, Vol. 48, p. 61-68, January 1960.

13. C. P. Walsh, "Frequency Modulation Principles” Electro-
Technology, January 1965.

14. op. cit. 9, Chapter 22,
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- Int. Telecammun. Union, Geneva, Switzerland, 1980. The

e temperature 288 deg K is conveniently chosen as a reference —23
» temperature because 10 loglo(ktref) = 10 10910 (1.38044 x 10 )
l J/deg K x 288 deg K) = -204.0059 dBj is approximately a whole

number.

2. E. C. Jordan and K. G. Balman, "Electramagnetic Waves and
Radiating Systems" (Prentice-Hall, Englewood Cliffs, NJ, 1968)

p. 326. In Ref.[2], u = €. =1.

g 3. op. cit. 2, p. 547, Eq. (14-24). 1In Eq. (14-24) of Ref. [3],
::- the reactance X is with respect to the loop current Im instead
. of the base current I(0). The reactance x is related to X by

. Xa,r

a,r

X (ur/er)1/2 sin~2(gh)

1/2 2 2
("r> —35 s (28h)[ 2 ¢t (Ba°> cf 2o

Y =z - |- sin - - +

= °r, sin“(8h) Ed un?

l_ + 2 Ci(28h) - Ci(4gh)] ~ cos(28h) | 2S8i (2Bh) - Si(48h) . ‘
)
EXOATRFES
\-. -2 Si(28h)] R
: 12 R
A “r 15 / h :

- g -1l— > (28h) | - v +1 > + 2y + 2 1n(28h) AACAC

. r (gh) ‘ n&s a, e
TRy
o SRS
- -y - ln(%h)] - [2(28h) - u4gh] - 2(28h)l NSTING
. g

f 1/2
= | 60 1n h + 1 , conditions (111-1).
€p gh a,
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. TABLE 111-2

-: STANDARD DEVIATION OF OF NOISE POWER LOCATION VARIABILITY OF
a,f
o HOURLY MEDIAN VALUES WITHIN SIMILAR CLASSIFICATION AREAS.

i
.

Q
~
[-%
w
~

’

e % Vo 0o

CLASSIFICATION 20 < £, < 48 MEz W8 <f, <102 Mz
AREA

4

BUSINESS 4.93 + 0.079 (fmlz - 20) 7.13 + 0.030 (fHﬂz - 48)

"‘.' .u' .l' "

.
] l’-

RESIDENTIAL 4.65 ~ 0.024 (fMuz - 20) 3.98 - 0.023 (fMuz -~ 48)

‘s

-
e’

RURAL 4.53 ~ 0.046 (fMHz - 20) 3.23 - 0.0109 (fm-lz - 48)
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Table I1I-1. Expected Variation of Median Values about Estimates
for Business, Residential, and Rural Locations.
(after Spaulding and Disney, 1974)

Standard Deviation, g (dB)

Frequency a,l
in MHz Business Residential Rural
0.25 6.12 3.54 3.89
0.5 8.21 4.28 4.40
1.0 2.33 2.52 7.13
2.5 9.14 8.06 8.02
5.0 6.08 5.54 7.74
10.0 4.15 2.91 4.03
20.0 4.93 4.65 4.53
48.0 7.13 3.98 3.23
102.0 8.76 ‘2.73 3.82
250.0 3.77 2.87 2.26
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The standard deviation Op (in dB), of location variability
a,t
of antenna external noise figure, 'is given in tableIII-1 for business,

residential, and rural areas. Tablelll-2 is a linear interpolation

of the values for 9 given in Table I1II-1.
a,t

’ Z,Fa

a,t ,t

The upper and lower deciles relative to median values, of time
variability of antenna external noise figure, are given in tableIII-3
for business, residential, and rural areas. TableIII-4is a linear

interpolation of the values for D

u,F and DZ F at 20, 48, and
* ?
a

a,t ,t

102 MHz given in table III-3.
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III G. Man-Made Environmental Noise Parameters:

<F>» D , DL,Fa » O

. F ,t a,t

a,t

<F >

The expected value <Fa> (in dB) of the antenna external noise figure
for rural, residential, and business areas is plotted in fig. III-4.
These values are with respect to thermal noise at a temperature
toef™ 288°K and are for an electrically short vertical lossless
grounded monopole receiver antenna. The corresponding expressions

are given by 15),(16),17)

-27.7 logmeHz + 67.2, rural areas
<F > ={=27.7 1°g10fMHz + 72.5, residential areas (111-42)
=27.7 loglofMHz + 76.8, business areas

where

Hn
1]

Mz frequency in MHz.
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE
SCENARIO MATCHING NETWORK
RURAL. AREA
FREQUENCY, 30MH:
10" MONOPOLE ANTENNA, 1.4 in DIA
RECEIVER fo =9, T, =100 OHMS
RG-58/U COAXIAL LINE, 10M LENGTH

INPUT VARIABLES, TADLE |

FREQUENCY
1 FMHZ= O 3000E+02 (MHZ) 2 B= 0. 1700E+05 (HZ)

TEMPERATURE
3 TC= 0. 2880E+03 (DEG W) 4 TM= Q. 28BOE+03 (DEG K)
5 TN- O 2BBOE+03 (DEG K)

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0. 2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= O 2799E+01 (OHMS) XMR:= Q. 1000E+04 (OHMS)
11 A= 0 3B89E+01 RSR= 0. 2500E+00 (OHMS)

RECEIVER NOISE
13 FO- 0. S030E+01 RN= 0. 1000E+03 (OHMS)
15 GNO= 0. 2000E~01 (MHOS) BNO= Q. O000E+00 (MHOS)

TRANSMISSION LINE

17 REZOR= 0. S000E+02 (OHMS) IMZOR:= - 4713E+400 (OHMS)

19 ALPHAR= 0. 9442E-02 (NEPERS/METER) BETAR= 0. 9540E+00 (NEPERS/METER)

21 DR O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= Q. 262B8E+02 (dB) 23 DUFAT= 0 &910E+01 (dB)

24 DLFAT= O 4180E+01 (dB) 25 FALSTD= O 4070E+Q1 (dB)
CONSTANTS, TABLE 2

TO= 0 2880E+03 (DEG K) 2 K= 0 138OE-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

W= - 1317E+03 (dBm) 2 Z0UT= (0 SO00E+02 . O 0000L+00) (UHMS)

Z0R= (O S000E+02 . - 4713E+00) (OHMS)

REFLR= (-~ 2218E-04 . 0O 4713E-02)

GAMMAR= (0. 9442E~-02 . O 9540E+00) (NEPERS/METER)

¥S= (0 1996E-01 ., O 3633E-04) (MHOS)

YNO= (0 2000E-01 . O. O0OQOE+00) (MHOS) 8 FR:- 0 35030E+01 (-—- -)
FATSTD= O 4379E+01 (dB) 10 FASTD:= 0. 5979€E+01 (dB)
SFAMEAN= 0. 10946E+04 12 SFASTD= O 2460&4E+04 (-—-—-)
LCR= O 1004E+01 14 LMR= O 1288E+02 ¢

LNR= Q. 1208E+01

SFMEAN= 0. 1174E+04 (

SFSTD= 0. 2606E+04 ( FSTD= 0. 5794E+01 (dB?
FMEAN= O 2683E+02 (dB) DFMEAN= O. 3464E+00 (dB)

SDFMEAN= O 1071E+01 ( NMEAN= - 1049E+03 (dBm)

: N8TD= 0. S794E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE

Run 4
SCENARIO. MATCHING NETWORK un

BUSINESS AREA

FREGQUENCY, 5SO0MH2

10" MONOPOLE ANTENNA, 1.4 in DIA

RECEIVER  f,=5, 7, =100 OHMS

RG-98/U COAXIAL LINE, 10M LENGTH

INPUT VARIABLES, TABLE 1

FREQUENCY
1 FMHZ= O 3000E+Q2 (MH2) 2@ B= 0 1700E+05 (HZ2»
TEMPERATURE
3 TC= O 2BBOE+03 (DEG K) 4 TM= O 2BBOE+03 (DEG K)
S TN= O 288B0E+03 (DEG K)
ANTE NNA
& RCR= 0 1371E-02 (OHMS) 7 RAR= 0 7100E+00 (0OHMS)
8 XAR= ~ 6000E+03 (0OHMS)
MATCHING NETWORK
9 RMR= O 1301E+01 (OHMS) 10 XMR= 0. &6000E+03 (0OHMS)
11 A- O 4701E+01 (--——- ) 12 RSR= 0. 2500E+00 (OHMS)
RECEIVER NOISE
13 FO= O SO30E+01 (----- ) 14 RN= 0. 10OCE+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 14 BNO= 0. OOOOE+00 (MHOS)
TRANSMISSION LINE
17 REZOR= O 3000E+02 (OHMS) 18 IMZOR= - 3623E+00 (OHMS)
19 ALPHAR= O 1228E-01 (NEPERS/METER) 20 BETAR= O 1%%90E+01 (NEPERS/METER)
21 DR= O 1000E+D2 (METERS)
ENVIRONMENTAL NOISE
22 FAMEAN= 0. 2974E+02 (dB) 23 DUFAT= O 1306E+02 (d4B)
24 DLFAT= O 7220E+01 (dB) 25 FALSTD= O 7190E+Q1 (dB)

CONSTANTS, TABLE 2

1 TO- O 2880E+Q3 (DEG K) 2 W= 0 1380E-22 (J/DEG K)
DERIVED VARIABLES, TABLE 3

1 W= - 1317E+03 (dBm) 2 Z0UT= (0. S000E+02 . O Q000E+00)

3 I0R= (0 SO00E+02 . - 3623E+400) (0OHMS)

4 REFLR= (- 1312€-04 , 0 3623E-02) (~---- )

5 GAMMAR= (0 122BE-01 . O 1590£+01) (NEPERS/METER)

6 YS= (0 1996E~01 , O 3937E-04) (MHOS)

7 YNO= (0 2000&E-01 , O OOOOE+00) (MHOS) 8 FR= 0O 5030E+01 (-----)

9 FATSTD= O B039E+01 (dB)

10 FASTD: O {OQ78E+02 (dB)

11 SFAMEAN= 0. 2054E+0% (----- ) 12 SFASTD= () 4484E+06 (--~-~-)
13 LCR= 0 1002E+01 (——=~- ) 14 LMR= O J18OE+01 (~-- =)

13 LNR= O 1278E+01 (----- )

16 SFMEAN= O 20358E+05 (-~--- )

17 SFSTD= O 4484E+06 (~—~--~ ) 18 FSTD= O 107BE+O02 (dB)

19 FMEAN= 0. 2975E+02 (dB)
21 SDFMEAN= 0. 1001E+01 (-~--- )

23 NSTD= 0 1078E+02 (dB)

120

20 DFMEAN= O B8220E-0z (dB)

22 NMEAN= - 1020E+03 (dBm)

C(OHMS
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FPROCRAIM SONF  SYSTEM OPERATING NOISE FIGURE Run 5
SCENARID MATCHING NETWORK

RESTDENTIAL. AREA

FREQUENCY, SOMHz

10" MONDPOLE ANTENNA, 1.4 1in. DlA

RECEIVER fo =5, 1, =100 OHMS

RG~958/U COAXIAL LINE, 10M LENGTH

INPUT VARIABLES, TABLE 1

FREQUENCY
t FMHZI= C S000E+02 (MMZ)

ny

B:= 0 1700E+405 (M)

TEMPERATURE
3 TC- QO 2880E+03 (DEG K) 4 TM= 0. 2880E+03 (DEG K)
5 TN O 28B0E+03 (DEG K)

ANTLNNA

6 RCR= 0 1371E~-02 (OHMS) 7 RAR- 0. 7100E+0G (OHMS)
8 XAR= - &000E+03 (OHMS)

MATCHING NETWORK

9 RMR= 0 1301E+01 (OHMS) 10 XMR= O &000E+Q3 (OHMS)
11 A= O 47C1E+O01 (~-w=--) 12 RSR~= O 2500E+00 (OHMS)
RECEIVER NOISE

13 FO- O 5030E+01 (----~- ) 14 RN= 0. 1000E+03 (OHMS)

15 GNO= 0 2000E-01 (MHOS) 146 BNO= O O000E+00 (MHAOS)
TRANSMISSION LINE

17 REZOR= O S000E+02 (QHMS) 18 IMIOR= -~ 3&23E+00 (OHMS)
19 ALPHAR= O 1228E-01 (NEPERS/METER) 20 BETAR= 0 1590E+01 (NEPERS/MEIER)

21 DR- O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2544E+02 (dB) 23 DUFAT= 0 1231E+02 (di)

24 DLFAT= O 701&4E+01 (d8) 25 FALSTD= O 3934E+01 (dB)
CONSTANTS., TABLE 2

1 TO= 0 2B880E+03 (DEG K) 2 K= 0. 13R0E--22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W= ~ 1317€+03 (dBm) 2 Z0UT= (O S000E+02 , O 0000L+00) (OMHMS)
3 I0R= (O SO00CE+02 . - 3623E+00) (OHMS)
4 REFLR= (- 1312E-04 , O 3623E-02) (-~---)

5 GAMMAR= (0 1228E~01 . O 1590E+01) (NEPERS/METER)
& YS8= (0 19946E-01 , O 3957E-04) (MHOS)

7 YNO= (0. 2000E-01 , O.0000E+00) (MHOS) 8 FR:= 0. 35030E+401 (---- )

% FATSTD= O 7650E+01 (dB) 10 FASTD= O 8603E+01 (dB!
11 SFAMEAN= O 24B8E+04 (----- ) 12 SFASID= O 1752E+40% (---- )
13 LCR= O 1002E+01 (~=-—- ) 14 LMR= O 3180E+01 (~----)

15 LNR= O 1278E+01 (-~--—- )

B 16 SFMEAN= O 2507E+04 (—---- )

-: 17 SFSTD= O 17526408 (—---- ) 18 FSTD= 0 @586E+01 (dB)
::_':.' 19 FMEAN= O 25S1E+02 (dB) 20 DFMEAN= 0. 6710E-01 (dB)
31 SDFMEAN= O, 100BE+01 (=-~-—- ) 22 NMEAN= - 1062E403 (aBm)

-
-.'1
PN

23 NSTD= O 8384E+01 (dB)

'.'-'] - »
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PROGRAM SONF SYSTEM OPERATING NOISE F IGURE Run 6
SCENARIO MATCHING NETWORK
RURAL AREA

FREQUENCY. SOMHz

10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo =5, T, =100 OHMS
RG-56/U COAXIAL LINE, 1OM LENGTH

INPUT VARIABLES, TABLE 1

FREGQUF NL ¥
1 FMHZ= © 900CE+02 (MHZ) 2 B= 0 1700E+05 (HZ)

TEMPERATHURE
3 TC. O 2880E+03 (DEG W) 4 TM= O OBBOE+03 (DEG K)
9 TN O 28BOE+03 (DEG K)

ANTLNNA
& RCR= O 1371E-02 (OHMS) 7 RAR= O 7100E+400 (OHMS)
8 XAR= - »000E+03 (OHMS)

MATCIIING NETWORK
9 RMR= ¢ 1301E+01 (0OHMS) 10 XMR= 0 6000CE+03 (OHMS)
t1 A~ O 47TD1E+0L (-~ -=) 12 RSR= 0. 2500E+G0 (OHMS)

RECE[VER NIISE

13 FO- 0O 3S030E+01 (=~~~ ) 14 RN= 0. 1000E+03 (OHMS)

13 GNO= O 20Q0E-01 (MHOS) 16 BNO= O OOO00QE+00 (MHDS)

TRANSMISSION LINE

17 REZOR= O SQO00E+02 (OHMS) 18 IMZOR:= - 3623E+00 (OHMS)

19 ALPHAR= G 1228€E-01 (NEPERS/METER) 20 BETAR= 0 15906401 (NEPERS/METER)

21 DR- O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2014E+02 (dB) 23 DUFAT= 0 S4592£+401 d¢B3)

24 DLFAT= O 1848E+01 (dB) 29 FALSTD:- O 3208E+01 (dR)
CONSTANTS, TABLE 2

1 10 O Z28BOE+03 (DEG W) 2 K= O 13BOE-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W ~ 1217E+03 (dBm} 2 I0UT= (0 5000E+02 . © 0O000L+00) (OHMS)

3 Z0R= (O SOO0E+02 . - 3623E+00) (OHMS)
-: 4 REFLR= (-~ 1312E-04 ., O 3623E-02) (-~--- )
.

S GAMMAR= (0 1228E-01 , O 1590E+01) (NEPERS/METER)

‘s
o

Y8= (0 1996E~01 , 0. 39537€E-04) (MHOS)

o Ay

7 ¥YNQO= O 2000E-0t . O OOOOE+00) (MHOS) 8 FR: O S5030£+01 ¢ -~
? FATSTD= O 2993E+01 (dB) 10 FASTD:= O 4387€+01 (dD?

11 SFAMEAN= O 1720E+03 (---—-- ) 12 SFASTD- O 2291E+03 ( - -~
13 LCR= O 1GORQE+01 (=~--- ) 14 LMR= O 31H0E+01 (-~ )

13 LNR= O 1278E+401 (----=)

14 St MEAN= 0. 1915E+403 (~-~---)

17 SFSTD= 0 2291E+03 (---—- ) 18 FSTD= O 4094E+01 (dUB)

19 FMEAN= O 2089E+02 (dB) 20 DFMEAN= O 7327£+00 (dB)

21 SDFMEAN= O 1113E+0t (-—--- ) 22 NMEAN= - 1108E+03 (dBm)

3 NSiD= O S094E+01 (dB)
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PROCRAM SONF  SYSTEM OPERATING NOISE F IGURE Run 7
SCEMARIO  MATCHING NETWORK

BUSINESS AREA

FREQUENCY, B8MH:

10" MONOPOLE ANTENNA, 1 4 1n DIA

RECEIVER  #,=5, r, =100 OHMS

RG-58/U COAXIAL LINE, 10M LENGTH

INPUT VARIABLES, TABLE |

FREQUENCY
1 FMHZI= O BBOOE+02 (MHZ) 2 B= 0 1700E+05 (HZ2)

TEMPERATURE
3 IC- O 2880E+03 (DEG K) 4 TM: O 2BBOE+03 (DEG K)
S TN O 2330E+Q03 (DEG K)

ANTE MMA

& RLR= (O 1219602 (0OHMS) 7 RAR- O Z199E+01 (0OHMS)
3 XAR= - 3407E+03 (OHMS)

MAT(HTNG NETWORK

f RMR= O 3572E+00 (0OHMS) 10 XMR-= 0 J409E+03 (OHMS)
11 A 0 4077E+01 (--—=~ ) 12 RSR:= Q. 2500E+00 (OHMS)
RECEIVER NOISE

13 FO O SQ30E+01 (-—~--—~ ) 14 RN= O 1O000E+Q3 (0HMS)

1% GNO= O 2000E-01 (MHOS) 16 BNO= O 000QE+00 (MHOS)
TRANSMISSION LINE

17 REZ0R= 0O S000E+Q2 (OHMS) 18 IMZOR:= - 2700E+0C (OHMS)
19 ALPHAR= 0O 14644E-01 (NEPERS/METER) 20 BETAR= 0. 2798E+01 (NEPERS/METER;

21 DR 0 10COE+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2294E+02 (dB) 23 DUFAT= 0. 1222E+02 (di})

24 DLFAT= - 9500E+01 (dB) 2% FALSTD= O B330E+01 (dB)
CONSTANTS, TABLE 2

1 TO- O 28ROE+03 (DEG K) 2 MW= 0 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1t W= - 1317E+03 (dBm) 2 I0UT= (0 S000E+02 . O QUOOE+DO! ((IHMS:
3 ZUR= i3 S000E+02 . - 2700E+0Q0) (OMMS)
4 REFLR= «- 7251E-05 , 0 2700E-02) (-~—-- )

S  GAMMAR= (0 1644E-01 ., O 2798E+01) (NEPERS/METER)
6 YS= (0 2004E-01 , 0.4324E-04) (MHOS)

7  YNO= (O 2000E-01 , O. OO00E+Q0) (MHOS) B8 FR= O SO30E+O01 (-----)

9 FATSTD= O S5222E+01 (dB) 10 FASTD= 0 9832E+01 (dB)
11 SFAMEAN= O 2551E+04 (=~=—— ) 12 SFASTD~ O 3298E+05 (- ~- )
13 LCH= O 1001E+01 (—--~-= y 14 LMR= O 13&67E+01 (-=- -}

13 LNR= 0 1390E+01 (~~——- )

16 SFMEAN= O QSS9E+04 (-em—- )

17 SFS§TD= 0 329BE+05 (~~==~~) 18 FSTD= 0 98253E+01 (dB)
FMEAN= O 2297E+02 (dB) 20 DFMEAN= (. 2903E-01 (dB)

21 SDFMEAN= O 1003E+01 (—---— ) 22 NMEAN= - 1087E+403 (dBm)

23 NSTD= O 9825E+01 (dB)
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_ﬁ PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 8
" SOEMARIN  MATCHING NETWORK

RESIDENTIAL AREA

FREQUENCY, 88MHz

10" MOMNOPOLE ANTENNA. 1 4 1n DIA

RECEIVER fo =5, 1, =100 OHMS

RG-58/U COAXIAL LINE, {OM LENGTH

INPUT VAR]IABLES. TAHLE 1

FREGUETICY
1 FMHZ= & 2BOCE+O2 (MHZ) 2 B= 0 (7006+N35 (HN

TEMPERATURE
3 TC- O 2BBOE+Q3 (DEG K) 4 TM: O 2BB0E+03 (DEG K)
S TN O 2830E+03 (DEG K)

S AN TERNA
{;:_ & RUR= O 1BI%E- Q2 (OMHMS) 7 RAR= (3 2199 0§ (OHMSE?
1o 8 XAN= 3409E+03 (OHMS)

MATEHING NETRDRK
? RMR= 7 $S72€+00 (OHMS) 10 XMR= O 3409F +03 (DHMS)
11 A ) 4077E+Q) t---- ) 12 RSR= O 2500E+00 OHMS)

RECEIVER MNOISE
13 FO- Q@ SO30E+01 (~—~-=- ) 14 RN= O 100DE+03 (OHMS)
19 GNQ= O 2GOOE-O1 (MHOS) 14 BNO= O 00Q0KE+00 (MHIS)

TRANSMISSION LINE

7 REZOR= Q SQ00E+Q2 (OHMS) 18 1MZ0R - 2700E+00 (OHMS)

19 ALPHAR= O 1646E-01 (NEPERS/METER) 20 BETAR= 0 279BF+01 (NEPERS/METtR)
21 DR O 1200E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= O 1864E+02 (dB)
24 DLFAT= O 5420E+Q1 (dB)

DUFAT= 0 124%E+02 (di)
FALSTD= O 3060E401 (dB)

|
[T, W)

CONSTANTS, TABLE 2

t o= 0 2BB0E+03 (DEG W) 2 HKe O (3HOE-22 (U /DEG KO

DERIVED VARIABLES. TARLE 3

I W - 1317E+03 (aBm) 2 20UT= (0 5000E+D2 & OOOQL+00" (OHMS)

3 ZOR= (O SOQ0E+0R . - 2700E+00) (OHMS) Py 7

4 RFFLA= ¢ 7251E-0% . O P700E 02) (-~ -=-) :-‘:\f_::’_"

S GAMMAR= (0 15644E-01 . O 279B8E+01) (NEPERS/METER) ;::‘{:'_:‘;:j

6 YS. (O 20046-01 , O 4328E-04) (MHOS) b

5 :

7 ¥YNO= (O 2000E-01 . O OOGOE+O0: (MHOS) 8 FR. O SOBOE+0I t--- - vy

% FATSTD= O 7173E+01 (dB) 10 FASTD- 0 7799E+01 (4D) .Fv:.ff,--_ ::;:’-

11 SFAMEAN= O 3644E+03 (~-~-- ) 12 SFASTD- O 1HOOE+04 « - ) ::‘-'-\:::_
ARSI

13 LCR= 0 1001E+01 (-~--v ) 18 LMR= 0. 1367E+01 (--- {:}_.-\::::::'_':

1% LNH= 0 1390E+01 (----- ) RNy

16 SFMEAN= O 3730E+03 (=-=--)

17 SFSTD= O 1800E+08 (----~) 18 FSTD= O 7745€+01 (4B}

9 FMEANs O 1883E+02 (dB) 20 DFMEAN= O 1964E+00 (dB)

21 SDFMEAN= 0 1023E+01 (-—~-~) 22 NMEAN: - 1129E+03 (dBm)

23 NSTD= O 7743E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 9
SCENARIO. MATCHING NETWORK
RURAL AREA

FREQUENCY, B868MHz

10" MONOPOLE ANTENNA, 1 4 1n DIA
RECEIVER fo =5, 1, =100 OHMS
RG-58/U COAXIAL LINE. fOM LENGTH

INPUT VAR1ABLES, TARLE 1t

FREQUENCY

1 FMHZ= O B8800E+02 (MHZ) 2 B 0 17006405 (H»
TEMPERATURE

3 TC- O 2BBOE+03 (DEGC W) 4 TM: O 2880E+C3 (DLG K}

5 TN O 2B880E+03 (DEG K)

ANTLNNA
& RCR= O 1B19E-02 (OHMS) 7 RAR: O 2199€+0G1 (OHMY)
8 XAR= - 3409E+03 (OMMS)

MATCHING NETWORK
9 RMR= 0. S572E+00 (OHMS) 10 XMR= O J409E+03 (OHMS)
11 A 0 4077E+01 (——=~- ) 2 RSR= 0 2500E+OQ (OHMS)

RECEIVER NOISE
13 FO= O 5030E+01 (-~~-- ) 14 RNz O LOOIE+GT (OHMS)
15 GNO= O 2000E-01 (MHOS) 16 BNO= O OO00E+00 «MHOS)

TRANSMISSION LINE

17 REZOR= 0. 3000E+02 (OHMS) 18 IMZOR= 2TO0E+0C «UIMMS;

19 ALPHARx= Q. 14446E-01 (NEPERS/METER) 20 BETAR= ¢ 2798t +01 "MHEPFRS/MF IER)
21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= O 1334E+02 (dB) 23 DUFAT: O S130E+QL (dl
24 DLFAT= O 27&0E+01 (dB) 2% FALSTD- O 2794F+01 «ull?

CONSTANTS, TABLE 2

1 TO= O 2880E+03 (DEG K) 2 K~ O I3HOFE-27 « w/DEG K

DERIVED VARIABLES. TABLE 7
1 W - 1317E+03 (dBm) 2 IZ0UT= (0 HONUE +02 O 0OUE 0O CaHMS
3 I0R= (0 SOQ0E+02 ., - 2700E+00) (OHMS)

4 REFLR= (- 7251€-05 , 0 2700E-02) (-=---)

»

3 GAMMAR= (0 1646E-01 , O 2798E+01) (NEPERS/METER)

r v =

Y
2y Ny

& YS= {0 2004E-01 , 0. 4324€E-04) (MHOS)

i
-

7 YNO= (0. 2000€E-01 . O OOOOE+00) (MHOS) 8 FR- O 90JUE+0I

¥

9 FATSTD= 0. 4883€401 (dB) 10 FASTD= 0 542BE+U1 (di
11 SFAMEAN= O 4993€+02 (----- ) 12 SFASTD- 0 1083E+03 ¢ SN
13 LCR= O 1001E+01 (~---—- ) 14 LMR= 0 1367t 01 o O
15 LNR= O 1390E+01 (-—--- )

16 SFMEAN= O 3830E+02 (----- )

17 SFSTD= O 1043E+03 (---—- ) 18 FSTD= O %193k +01 (¢B) -
w WP L
. ) i N
19 FMEAN= O 1437E+02 (dB) 20 DFMEAN: O 1229F+0t (dB) ,-.':-.}-r.'_-.'
LA LS
21 SDFMEAN= O 1171E+01 (-——-- ) 22 NMEAN= - 1171E+03 (dBm) ;.'_-.‘.-\:,\:
- e~

AR
23 NSTD= 0 35193€+01 (dB) CRERNIRY
1™}
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Run 10
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Receiving System without a Matching Network

TRANSMISSION LINE LENGTH = 10 m

Business Area

Residential Area 30 MHZz

Rural Area

Business Area

Residential Area 50 MHz

Rural Area

Business Area

Residential Area 88 MHz

Rural Area
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Run 10

SCENARIO NO MATCHING NETWORK

BUSINESS AREA

FREQUENCY, 30MH.

10" MONOPOLE ANTENNA. 1 4 1n DnA

RECEIVER fo =5, =100 QHMS

RG-58/U COAXTAL LINE, 10M LENGTH

INPUT VARILABLES, IalLE

FREQUFNCY
I FMHZ= O 3000€4+02 (MH2) D B=: 0 FJUDESOD (ke
TEMPFHATURE
3 Te= 0 28BBOE+03 (DEG K 4 IMs O 2UB0E+O0T (DEG ko
9 TN= 0 28BOE+03 (DEG K)
AN ENNA
& RCR= O 10462E-02 (OHMS) 7 RART QO 29%6E+00 (1HNG)
8 XAR= - 1000E+04 (OQHMS)
MATCHING NETWORK
9 RMR= O OQCOE+00 (QHMS) 1O XMR: O QUUOL +OQ (IHMS»
1L A 0 1000E+401 (~—-~~) 12 RSR- O QUDQE+QQ (OMMS
RECEIVER NOISE
13 FO- O SO30E+401 (~~=~-- ) 14 RN- ¢ 1O0OOE+03 (OHMS
19 GNO= 0 2000E-01 (MHOS) té6 BNGO= O QOQCLE+00 (MHOS!
TRANSMISSION LINE
17 REZOR= O 5000£+02 (0OHMS) 18 IM20OR- - 4713E+400 (UMMS)

19 ALPHAR= 0 F442E-02 (NEPERS/METER)
21 DR: O 1000E+02 (METERS)

20

ENVIRONMENTAL NOISE

BETAR= O S540E+D0 (NEPERS/ME TFK

22 FAMEAN= 0 358BE+02 (dB) 23 DUFAYT~ O 1143 +u, «di)
24 DLFAT= 0 7779E+01 (dB) 25 FALSTD= O S720E+0t (gi)
CONSYANTS, TABLE 22
t 10— O 2880E+03 (DEG W) 2 W= 0 L3B0E-22 CJ/DFG ¥e

DERIVED VARIABLES. IABLE 3
1 W= - 1317E+03 (4dBm) @ OUT: tQ 2%47E+LQ - 100O0E 4G4 MG
3 I0H= (G SO000E+02 . ~ 4713E+00) (OHMS)
4 REFLR= (0 99241E+00 . - 996BE-01) (~=--~)
% GAMMAR= (O 9442E-~02 . O 9540E+00) (NEPERS/METER)
6 YS= (0 1913E-02 . 0. 3321E-02) (MHOS)
7 YND= (O 2000E-01 . O OOOOE+Q0) (MHOS) B FR: O J271F+G. « -
9 FATSTD= 0 7553E+01 (dB) 10 FASTD:- O 9474E+D1 (40
11 SFAMEAN= Q. 4186E+05 (~-~~~ ) 12 SFASID O 4Y01E+06 - - >
13 LCR= O 1004E+0Y (~---- ) 14 LMR= O 1000E+¢073 ¢ --- -
13 LNR= O 7348E+04 (~--—-- )
16 SFMEAN= 0. 2094E+0&6 (~~-~-)
17 SFSTD= O 4301E+06 (--~-- ) 18 FSTD= O S706E+0! (dl)
19 FMEAN= O 4944E+02 (dB) 20 DFMEAN= O 133BE+02 (dB)
21 SDFMEANs= O 3003E+01 (---—- ) 22 NMEAN= - H224E+02 (dBm)

23 NSTD= O S704E+01

(d8)
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PROGRAM SONF SYSTEM OFERATING NOISE F IGURE Run 11
SCENARIO NO MATCHING NETWORK

RESIDENTIAL AREA
FREGQUENCY, 30MH.
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo =3, 1, =100 OHMS
RG-5B/U COAXIAL LINE, 10M LENGTH
INPUT VARIABLES. TABLE
FREQUENCY
1 FMHZ= O 3000E+02 (MHZ) 2 B 0O 17008405 (K2
TEMPERATURE
3 TC- O 2880E+03 (DEG K) 4 Tt O DRG8D0E+QOT (DFL v
S TN- O 2880E+03 (DEG K)
ANTENNA
& RCR= 0 1062E--02 (0OHMS) 7 Rar: O 2996 r00 C(IHML
8 XARx - 1000E+04 (0OHMS)
MATUHING NETWORK
9 RMR= O OO0O0QE+O00 (OHMS) 10 XMR = O OO0k « 00 CDHMGD
11 A O 1000E+01 (~---- ) 12 ROR QO GOOOE +CO (UHMS
RECEIVER NOISE
13 FO= O S030E+01 (-~--—) 14 RN= O 100OE+073 «OHM-
15 GNO= O 2000€-01 (MHOS) 16 BND= O OQOOCE+Q0 (MHOS)
TRANSMISSION L INE
17 REZOR= O 3000E+0Q02 (0OHMS) 18 IMZOR:= - 4713E+00 (OHMY)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= 0 95406:+00 (NFPERS/ME TER?
21 DR: O 1000E+02 (METERS)
ENVIKRONMENTAL NOISE
22 FAMEAN= O 3158E+02 (dB) 23 DUFAT: 0 1121k+028 vl
24 DLFAT= O &710E+01 (dB) 2% FALSTD: 0O 44108+05 «uit»
CONSTANTS. TABLE 2
1 10= O 2B30E+03 (DEG K} 2 K= O 138B0r-2 CLDEG R
DERIVED VARIABLES, TABLE 3
1 W- ~ 1317E+03 (dBm) 2 20UT= (O 29&’E400 TUOGE +03) (KM
3 I0R= (0 S000£+02 . - A4713E+00) (OHMS)
4 REFLRx= (0 9941E+00 , ~ 9965E-01) (~---- )
S GAMMAR= (0 9442E-02 . O 9540E+00) (NEPERS/ME KR
& YS= (0 1913E-02 ., O.3321E-02) (MHOS)
7 YNO= (0. 2000E-01 , O. OOQOE+0Q0) (MHOS) B Fk=: O 2271t +0
9 FATSTD= O 7080E+01 (dB) 10 FASTID - 0 8341€+01 «Jb»
11 SFAMEAN= O. 9104E+04 (-——--- ) 12 SFASTD - U 3686E+0" ¢
13 LCR= O 1004E+01 (----- ) 14 LMR:. 0O 100UE+01 (- - '
13 LNR= O 7348E+04 (-—--- )
16 SFMEAN= O 1766E+406 (—---- )
17 SFYTD= O 54B6E+0% (----~) 18 FSTD= 0 1364E+01 (dB)
19 FMEAN= O 3226E+02 (dB) 20 DFMEAN= O Z067E+02 (dD)
21 SDFMEAN= O 194@5002 (emem— ) 22 NMEAN: - 7945£+02 (dBm»
23 NSTD= 0 13464E+01 (dB)
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PROGRAM
SCENARID

SOk
NO MATCHING NETWORK
RURAL AREA
FREQUENCY

SYSTEM OPERATING NOISE HIGURE

JOMH ¢

Run 12

10" MONOPOLE ANTENNA, | 4 an  DRIJA

RECEIVER fo =9, Ty =100 OHMC

RG-58/U COAXIAL LINE, 10M LENGIH

INPYT VARLIABLES. TARLE 1
FREQUENCY
1 FMHZ= O 3000E+02 (MHZ) PRI U AV R R P A
TEMPERATURE
3 TC- O 2880E+03 (DEG K) 4 TM- 0 2BRub+0a TLEG wo
S TN O 28B80E+03 (DEG W)
ANTLENNA
& RCR= 0 1062E-02 (0OHMS) RAR O st 00 10HM]
8 XAR= - 1000E+04 (OHMS)
MATCHING NETWORK
9 RMR= O O00QE+O00 (0OHMS) 1O XMK - O OH00E+00  UHIMS )
11 A~ O 1000E+0} (----- ) 12 RSR O OQOIE+ON 1 OHM
RECEIVER NOISE
13 FO- O S030E+01 (~---—- ) 14 RN G 10008+ +OHRMT
15 GNO= 0 20Q0£-01 (MHOS) te, BNO O OOQODE+OHQ MR
TRANSMISSION L INE
17 REZOR= O S000E+02 (OHMS) 18 IMZOR- - 4713F+H0  COHMS
19 ALPHAR= O 9442E-02 (NEPERS/METER:! 20 BEIAR= O 95%540F +O0 (NFPERS/MF TEL
21 DR- O 100QE+02 (METER3)
ENVIRONMENTAL NOISE
22 FAMEAN= O 2628E+02 (dB) 23 DUFAT. O ~510E+01 (b
24 DLFAT= O 4180E+01 (dR) 2% FALSID 0O 3070E+0) db:
CONSTANTS. TAOLE
1 ro=- 0 2880E+03 (DEG K) 2 K= 0 O8O -03 s DeG v
DERIVED VARIABILES, TARL: 7
1 We - 1317E+03 (dBm) 2 I0UT= (0 J9B&7Es0f LOHOOL $0dY COHMY
3 I0R= (O SO00E+02 . - 4713E+00) (OHMS)
4 REFLR= (0 9941E+00 . - 9965E-0G1) - -~--)
5 GAMMAR= (0 9442E-02 . O 9540E+00) (NEFERS/MHI1ER)
6 YS+ (0 1913E-02 , 0. 3321E-02) (MHOS)
7 YND= (O 2000E-01 . O OOOQOE+00Q) (MHOS) 8 FR- « 271k
9 FATSTD= 0O 4379E+01 (dB) 10 FASTD - O 59790 s cat
11 SFAMEAN= O 1094E+04 (-----) 12 SFASTD O c&OLE 404 ! -
13 LCR= 0 1004E+01 (~=-=-- ) 14 LMR= O 1000f +0O1 ¢ -~ -
19 LNR= O 7348E+04 (----- )
16 SFMEAN= O 1686E+06 (-----— )
17 SFSTD= 0. 2606E+04 (----~ ) 18 FSTD:= O &7128 -0 (dB»
19 FMEAN= O 35227E+02 (dB) 20 DFMEAN= 0 2599E+02 (dD»
21 SDFMEAN= O 1938E+03 (-—~—--- ) 22 NMEAN: - 7943E+02 (dBm)
23 NSTD= O &6712E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 13

SCENARID NO MATCHING NETWORK
BUSINESS AREA
FREGUENCY. SOMH.
10" MONOPOLE ANTENNA.

RECELVER £, =5,

RG-58/U COAXIAL L INE.

1 4 1n DIA
=100 OHMS
10M LENGTH

INPUT VARIABLES, TABLE 1

FREGUENCY
1 FMHZ= O S000E+02 (MHZ)

TEMPERATURE
3 TC- O 2880E+03 (DEG )
5 TN- O 2880E+03 (DEG K)

ANTENNA
4 RCR= O 1371E-02 (DHMS)
8 XAR= - 6000E+03 (OHMS)

MATCHING NETWORK
9 RMR= O Q000E+00 (OHMS)
11 A: O 1000E+O01 (~—--- )

RECEIVER NOISE
13 FO: O SO030E+01 (-r-—=m )
15 GNO= O 2000E-01 (MHOS)

TRANSMISSION LINE
17 REZOR= O S5S000E+02 (OMMS)

19 ALPHAR= 0 122B8E-01 (NEPERS/METER)

21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE

[N)

B= O 1700F+0G5 (M2

4 TMm- 0O 2880E+03 (DEC W)

7 RAK = O 7100b+00 (UHMS:

10 XMR:= O O00CE+00 (OHMS)
12 RSR- O 000QC+0D (OQOHMS!

14 RN- O {000E+03 (OHMS)
16 BNO= O OODCE+(Q0 (MHOS)

18 IMZOR= - 2623E+00 (OHMS)

20 BETAR= O 1570F+01 (NEPERS/MEIER)

22 FAMEAN=
24 DLFAT=

0 2974E+02 (dB)
Q 7220€E+01 (dB)

N R
G W

CONSTANTS. TABLE 2

DUFAT= (O 130&F +00 (aB:*
FALSTD- O Y{90E+01 «ub>»

1 TOo= O 2880E+03 (DEG W) 2 K= 0 1380t-25 (U/DEG K
DERIVED VARIABLES. TABLE 3

1 W= - 1317E+03 (dBm) 2 Z0UT - (0 7114E+00 MOOOE TGS DM,

3 ZUR= (0 SOO0E+02 . - 34623E+00) (DHMS)

4 REFLR= (0 9B4BE+00 . ~ 1653E+400) (----- )

S GAMMAR= (0 1228E-01 ., O 1590FE+01) (NEPERS/METI )

& YS= (0 2610E-02 ., 0. 5574E-02) (MHOS)

7 YNO= (0 2000E-01 , O OOOOE+00) (MHOS) 8 FR: O 176iF+02 - '

9 FATSTD= 0. B039E+01 (dB) 10 FASTD - O LO/BE+0z cdid

11 SFAMEAN= Q. 2056E+05 (----- ) 12 SFASTD. 0 4484E+06 ( --

13 LCR= 0 1002E+01 (----- ) 14 LMR= O 10008 +01 - - - )

13 LNR= O 1257E+04 (-———~ )

16 SFMEAN= O 4299E+409 (-—--—-- )

17 SFSTD= 0. 4484E+06 (-——-- ) 18 FSTD= 0 ?414E+01 (dB>

19 FMEAN= O 3613E+02 (dB) 20 DFMEAN= O &392E+01 (dB)

21 SDFMEAN= 0. 2091E+01 (--——- ) 22 NMEAN= - 9337€+02 (dBm)

23 NSTD= O 9414E+01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE + IGURE Run 14
SCENARIO NO MATCHING NETWORK

RESIDENTIAL AREA

FREQUENCY. SOMH.

10" MONOPOLE ANTENNA, 1 4 in  DIA

RECEIVER  #,=5. 7, =100 OHMS

RG-S8/U COAXIAL LINE, 10M LENGIH

INPUT VARIABLES. TALRLE 1

FREGQUENCY
I FMHZ= O S000e+02 (MHZ) 2 B G 1700E4+0% (WL -

TEMPERATURE
3 TC= O 2820E+03 (DEG K 4 TM G 2H80E+0 1k k)
S  TIN= Q 2880£+03 (DEG K

ANTENMNNA
6 RCR= Q 1371E-02 (OQHM3) SORAR O TEOF 00 L OHMG -
8 XAR= - 6000E+03 (OHMS)

MATCHING NETWORK
9 RMR= O O0QOE+O00 (0HMS) 10 XMR - O OOQOCE + 00 COHMED
11 A O 100CE+D1 (-~=—- ' 1.7 RGR - 0D OON0E 40D GRS

RECEIVER NOISE

13 FO- O S030E+01 (—---~ ] (4 RN G TQGE+0 ) CUHMS

1S GNO= O 2000E-01 (MHOS) L& BND - O OOCOF+CO MHNS,
TRANSMISSION LLINE

17 REZDR= O S000E+02 (OHMS) 18 [MIGR - - 3623k +0C OHMG:

19 ALPHAR= C 1228E-01 (NEPERS/METER) 20 BETAR:= G 1990F «01 (NFFURG/ME 1L

21 DR 0O 1000E+02 (METERS)

ENVIRONMENTAL NQISE

22 FAMEAN= Q 2544E+02 (4B 23 DUFAT . D 1231808 i
24 DLFAT= O 7016E+01 (dB) QY TALSID. 0O J39338F w12 d

CONSTANTS, TABLE

1 TO: O @B8BOE+03 (DEG K) & WE O LBENES S DG e

DERIVED VARIABLES, VABLE

1 W= - 1317€+403 dBm) 2 Z0UT - D 7114k ¢ HOVUIE+ T UHM
3 20R= (O S000E+02 . - 3623E+00) (OHMS)
4 REFLR= (0 98B48BE+00 . - L6S3E+00) - ----

5 GAMMAR= (0 1228E-01 . O 15SF0E+01' (NEFEKRS/ME 2 b

6 YS= (0 2610E-02 . O 5574E-02) (MHOS)

7 YNO= (0 2000E-01 , 0O OOOOQE+0Q0) (MHOS) B FH- O | 1k« . ,
9 FATSTD= O 7650€E+401 (dB) 10 FASTLD O Ke ka1 alh

11 SFAMEAN= 0. 2488E+04 (----- ) 12 SFASTL - O 1 7S ke ¢
13 LCR= 0 1002E+01 (----- ) 14 (MR O LO00E -0

13 LNR= O 1297E+04 (-—~-- )

16 SFMEAN= O 2492E+05 (-—-—- )

17 SFSTD= O t1732E+05% (~---- ) 18 FSTD:- O 2793401 ‘d4i?

19 FMEAN= O 4309E+02 (dB) 20 DFMEAN= O 17585F +0o il

21 SDFMEAN= O 1001E+02 (-—--- ) 22 NMEAN= - B661E+CL (dBn

23 NSTD= 0 2753E+01 (dB)
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PROGRAM SONF SYSTEM GFERATING NOISE ¢ IGURE Run 15
SCENARIOQ NO MATCHING NE TWORK
RURAL AREA
FREGQUENCY. SOMH:
10" MONOPOLE ANTENNA. 1 4 1n  DIA
RECE IVER f, =5, 1, =100 OHMS
RG-58/U COAXTAL LINE, 10M LENGTH
INPUT VARIABLES TAMME 1
FREJUENCY
1 FMHZ= O SO00E+G2 (MH2) S8 0 170QF 0 (4T,
TEMPERATURE
3 TC O 2680&+03 (DEG W) 4 TM - G JuBOF+03 LG ko
S TN O 2880£+03 (DEG K)
ANTINNA
L] RCR= O 1371E-02 (OHMS) ? RAF O 71007« CORPES
B8 XAR= -~ AO00E+03 (0OHMS)
MATCHING NETWORK
9 AMR= O Q000E£+00 (OHMS) O XMK =~ O 0000k +GO  « LIHNG
11 A~ O 1000E+01 (-—~-- ) 12 RSF: 0 ORCOE+ON (GHMS)
RECEIVER NOISE
13 FO- O SO30E+01 (~~——- ) 14 RN= O 1000E+03 (OHML)
15 GNO= O 2000E-01 (MHOS) 16 BNO- O QOO «00 (MHOS)
TRANSMISSION L INE
17 REZOR= O S000E+02 (0OHMS) 18 IMZUOR - Ak e e 00 L OHME )
19 ALPHAR= 0O 1228E-01 (NEPERS/METER? 20 BETAR - O 1SFF «0] (MNERERSME 1
21 DR: O 1000E+02 (METERS)
ENVIRONMENTAL NOISE
22 FAMEAN= O 2014E+02 (4B 23 DUFAT: G 9892F+01 (diy
24 DLFAT= O 184BE+01 (dB) &9 FALSID:= o 12088401 (ufte
CONSTANTS. TABLE 2
1 T0- O 2880E+03 (DEG W) 2 K= L L3Ik JE DR K
DERIVED VARIABLES, TABLE 2
1 W -~ 1317E+03 (dBm) 2 I0UT . D 7334t COGOE v e
3 IZ0R= (O 2000E+02 = 3623E+00)) (OHMS)
4 REFLR= (0 9B4BE+00 . - |633E+00) ¢ ~----)
S5 GAMMAR= (0 1228BE-01 O 1290FE+01) (NEPERS/Mt V¢t -
& ¥Y¥5= (0 2610€-02 . O 9574E-02) (MHOS:
7 YNO= (0 2000E-01 ., O OOOOE+00) (MHODS) 8 ki { "Gyt v(or
9 FATSTD= O 2993E+01 (dB) 10 FAGTD - O A3 7kt 1wl
11 SFAMEAN= O 1720E+03 (-----~ ) 12 SFASID O 203t -
13 LCR= O 1002E+01 (----- ) 14 LMR= O 1O00F +C 1
19 LNR= O 1237E+04 (--—--)
16 SFMEAN= O 2260E+05 (-----)
17 SFSTD= O 2291E+03 (----- ) 18 FSTD= 0 4402e-01 «(dfly
19 FMEAN= O 4334E+02 (dB) 20 DFMEAN- O 2340E+00 g
21 SDFMEAN= O {314E+03 (~---- ) 22 NMEAN- - BBIS6E +Or tdim)
23 NST1D= O 4402E-01 (dB)
132
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PROGRAM SONF  SYSTEM GPERATING NOISE FIGURE Run 28
SCENARIO NO MATCHING NETWORK
RURAL AREA

FREQUENCY. 30MH:

10" MONOPOLE ANTENNA, | 4 1n DIA
RECEIVER fo =3, 1, =100 OHMS
RG-58/U COAXIAL LINE,

INPUT VAR1ABLES, TABLE 1

FREQUENCY

1 FMHZ= Q0 3000E+02 (MH2) 2 B 0 1700E+05 (HZ)
TEMPERATURE

3 TC- O 2880E+03 (DEG K) 4 TM: O 28B80E+03 (DFEG K)
S TN: O 2880E+03 (DEGC W)

ANTENNA

6 RCR= 0 1062E-02 (OHMS) 7 RAR-: O Z556E+00 (0OHMS)
8 XAR= - 1000E+04 (OHMS}

MATCHING NETWORK

9 RMR= 0O O000E+Q0 (0OHMS) 10 XMR = O O0O00E+00 (OHMS)
11 Az 0 1000E+01 (----—) J2 RSR:: O OQODE+CO (DHMS!
RECEIVER NOISE

13 FO~ 0. S5030E+01 (-~---- ) 14 RN= O 1000F+03 (OHMS:

15 GNO= 0 2000E-01 (MHOS) 14 BNO+ O OOQOE+Q0 (MHOS)H
TRANSMISSION LINE

17 REZOR= O SO000E+02 (0OHMS) 18 IMZOR- - 4713E+00 (OHMS)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= O 9540F +00 (NFPERS/METER)

21 DR- O 7000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 262B8E+02 (dB) 23 DUFAT= O &91CF +O1 (dl?

24 DLFAT= O 4180E+01 (dB) 2% FALSID= O 4070E+01 (dB)
CONSTANTS, TABLE 2

i TO= 0 2BB0E+03 (DEG K) 2 K= 0 13HOE-22 (J/DEG K

DERIVED VARIABLES. TABLE 73

1 W- - 1317E+03 (dBm) 2 Z0UT= (0 296 7E+00 - 100UE +04)  ((H4M"
3 I0R= (O SO000E+02 . - 4713E+00) (OHMS®
4 REFLR= (0 9941E+00 . - 9965E-O1) (~-==-;

S GAMMAR= (0 9442E-02 . O 9540E+00) (NEPERS/METIFR)
& YS= (0 8536E-04 , 0 1746E-01) (MHOS)

7 YNO= (0O 2000€-01 , O OOOOE+00) (MHOS) # FR-: Q 826BF+03 « - -

9 FATSTD= 0 4379E+01 (dB} 10 FASTD: 0O 5HY?9FE+01 dD)
11 SFAMEAN= O 1094E+04 (—-----— ) 12 SFASTD. O 2606F+04 « - - -
13 LCH= O 1004E+01 (----- ) 14 LMR= O (QODE+01 ¢« - -

15 LNR= O 1937E+03 (---~- )

i6 SFMEAN= O 1619E+06 (--~—- )

17 SFSTD= 0 2606E+04 (~---- ) 18 FETD- O &4949E-01 (4B>
19 FMEAN= O S209E+02 (dB) 20 DFMEAN-- O 25B1E+0: (4R
21 SDFMEAN= O 1477€+403 (----- ) 22 NMEAN: - 7961E+0z (dBm)

23 NSTD= O 4989E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE

SCENARIO ND MATCHING NETWORK

RURAL AREA

FREQUENCY. 30MHz

10" MONOPOLE ANTENNA, 1 4 in DIA

RECEIVER  €,=5. rt,=100 OHMS

RG-58/U COAXTAL LINE,

INPUT VARIABLES. TABLE 1

FREQUENCY
1 FMHZ= O 3000E+02 (MHI) 2 B< O L700E+05 (HZ)
TEMPERATURE
3 TC- 0 2880E+03 (DEG K) 4 TM: O 2BBOE+03 (DEG K)
S TN: O 2BBOE+03 (DEG K)
ANTENNA
& RCR= O 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (UHMS)
8 XAR= — 1000E+04 (OHMS)
MATCHING NETWORK
9 RMR= 0. OOCOE+00 (OHMS) 10 XMR= O ODOOE+0GO (OHMS)
11 A= O 100OE+01 (==--— ) L2 RSR= O OOOOE+00 (OHMS)
RECEIVER NOISE
13 FD= O 5030E+01 (=--—= ) 14 RN= O 1000E+03 (OMMS,

15 GNO= O 2000E-01 (MHOS) 16 BNO= O OOOOE+CO (MHOS)
TRANSMISSION LINE

17 REZOR= 0. 5000E+02 (OHMS) 18 IMIOR- - 4713€+00 (OHMS)

19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= O 9540t +00 (NEFERS/METER?

21 DR:= 0O 6000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2628E+02 (dB) 23 DUFAT:
24 DLFAT= O 41BOE+O1 (dB) 25 FALSTD= O 4070E+01 (dB)

CONSTANTS. TABLE 2

1t TO= O 2BBOE+03 (DEG W) 2

DERIVED VARIABLES, TARLE 3

1 W= - 1317E403 (dBm) 2 10UT=

3 I0R= (0 5000E+02 . - 4713E+00) (OHMS)

4 REFLR= (0 9941E+400 . - 9965E-01) ¢ ----)

5 GAMMAR= (0 9442€-02 . O 93540E+00' (NEPERS/METER?

& YS= (0 SO99E-04 . O 1433E-01) (MHOS)

7 YNO= (O 2000€E-0%1 . O OOOOE+0Q00) (MHOS) B FR-

9 FATSTD= 0 4379€e+01 (dB) 10 FASTD: O S979E+01 wul:
11 SFAMEAN= O 1096E+04 (----- ) 12 SFASTD- O 2506F ¢4
13 LCR= O 1004E+01 (-—--- ) 14 LMR= O 100Q0€+01 « -~ ---)

1S LNR= O 1332E+03 (----- )

16 SFMEAN= 0. 1626E+06 (-~--- }

17 SFSTD= O 2606E+04 (~----- ) 18 FSTD=
19 FMEAN= O 3211E+02 (dB) 20 DFMEAN=
21 SDFMEAN= O  1483E+03 (----- ) 22 NMEAN-=

23 NSTD= 0 &962E-01 (dB)
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K= O 130t -22 (J/DEG K)

0O 1189 +04 -

0O 6962E-01 (dD

- 7959E+402 (dBm)

Run 27

O &910E+01 ‘dl¥)

29567F+00 10000 ¢ 04 1 (LIHME -

29583E+02 (dB)




PROGRAM SGONF

Run 26

SCENARIO NO MATCHING NETWORK

RURAL AREA

FREQUENCY. 30MH:

10" MONOPOLE ANTENNA, | 4 i1n DIA

RECEIVER. £, =5, 1,=100 OHMS

RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE 1
FREQUENCY SRS
1 FMHZ= O 3000E+02 (MH2) 2 B= 0 1700E+05 (HZ) };t%:\
N
TEMPENATURE AT
3 TC= 0 2880E+03 (DEG K) 4 TM= O 28BOE+03 (DEG K) RSN
S5 TN= O 2BBOE+03 (DEC K) AESY
J‘i“f

ANTENNA -
& RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)
8 XAR= - 1000E+04 (CHMS)
MATCHING NETWORK
9 RMR= O OOQOE+00 (OHMS) 10 XMR= O DOQOE+00 (DHMS)
11 A= 0 1000E+01 (---=- ) 12 RSR= O OOOOE+00 (OHMS)

RECEIVER NOISE

13 FO= 0 SO30E+01 (-—--- ) 14 RN= O 10OQE+03 (OHMS)

1S GNO= O 2000E-01 (MHOS) 16 BNO= O OOOOE+00 (MHDS)

TRANSMISSION LINE

17 REZOR= O. SO00E+02 (OHMS) 18 IMZOR:= - 4713E+00 (OHMS)

19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 BETAR= O 9S40E+00 (NEPERS/METER)

21 DR= 0. SOOOE+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O. 2628E+02 (dB) 23 DUFAT= O &910F+0) (dB)

24 DLFAT= O 4180E+01 (dB) 2% FALSTD= O 4070E+01 (dB)

CONSTANTS. TABLE 2
1 TO:- 0. 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG K
DERIVED VARIABLES, TABLE 3

1 W= - 1317E+03 (dBm) 2 ZOUT= (0 2567E+00 . - 1000t +04) (OHMS) ‘:"'i‘ﬂ?31q
q.u.'_n.‘ .‘k

3 I0R= (O SO00E+02 . - 4713E+00) (OHMS) :};:1-;}:;€3
._,-_, ~ = > -_L !

4 REFLR= (0 9941E+00 , - 9963€-01) (----- ) .-:\{.\(\¢\.
:\.\ Y \_\‘
- - e >

S GAMMAR= (0. 9442€-02 . O 9340E+00) (NEPERS/MEIER) ;\.1¢:‘:J}'

" = " [

& YS= (0.2962E-04 , 0. 1164E-01) (MHDS) t'1’~ AN

7 YNO= (0 2000E-01 . O. OOQOE+00) (MHOS) © FR+ O 1809E+04 (---- -)

9 FATSTD= 0. 4379E+01 (dB) 10 FASTD= O S5979E+401 (dB)

11 SFAMEAN= O. 1096E+04 (-—--- ) 12 SFASTD: O 2606E+04 (=—-- >

13 LCR= 0. 1004E+01 (-—=-— ) 14 LMR= O 1000E+01 (-----)

13 LNR= O 8930E+02 (----- )

16 SFMEAN= O 1633€+06 (-—-—- )

17 SFSTD= O 2606E+04 (--—-- ) 18 FSTD= 0. &6931E-01 (dB)

19 FMEAN= 0. 3213€+02 (dB) 20 DFMEAN= O 23BSE+02 (dB)

21 SDFMEAN= O. 1490E+03 (——--= )

23 NSTD= O 4931E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 25
SCENARIO NO MATCHING NETWORK
RURAL AREA

FREQUENCY. JOMMz

10" MONCPOLE ANTENNA. 1 4 in. DIA
RECEIVER: € =3, r,=100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE 1

FREQUENCY

1 FMHZ= 0. 30Q0E+02 (MHZ) 2 B= 0 1700E+05 (HZ)
TEMPERATURE

3 TC= 0. 2880E+03 (DEG K) 4 TM= 0. 28B0E+03 (DEG K)
5 TN- O 288B0E+03 (DEG K)

ANTENNA

& RCR= 0 10&62E-02 (OHMS) 7 RAR= 0. 2556E+00 (OHMS)

8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK

9 RMR= 0. OOOQE+00 (OHMS) 10 XMR= O. O0OQQE+00 (OHMS)

11 A= O 1000E+01 (----- ) 12 RSR= 0 Q000E+00 (OHMS)

RECETVER NOISE

13 FD= 0. 5030E+01 (-———= ) 14 RN= O. 1000E+03 (OHMS)

15 6NO= O 2000E-01 (MHOS) 16 BNO= O. 0O0OQE+00 (MHOS)
TRANSMISSION LINE

17 REZOR= O 3000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)

19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 BETAR= O 9540E+00 (NEPERS/METER)

21 DR= O 4000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 2428E+02 (dB) 23 DUFAT= O &%310E+01 (dB)

24 DL.FAT= O 41680E+01 (dB) 25 FALSTD= 0. 4070E+01 (dB)
CONSTANTS, TABLE 2

1 TO= O 2880E+03 (DEG K) 2 K= O 138OE-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

i W= - 1317E+403 (dBm) 2 I0UT= (0 2567E+00 ., - 1000E+04) (OHMS)
3 I0R= (O S000€E+02 . - 4713E+00) (OHMS)
4 REFLR= (O 9941E+00 , - 9965E-01) (-~=—- )

S GAMMAR= (0. 9442E-02 , 0. 9540E+00) (NEPERS/METER)
6 YS= (0 1644E-04 ., O 9210E-02) (MHDS)

7 YNO= (0 2000€E-01 . O OOOOE+Q0) (MHOS) B8 FR~ O 29%0E+04 (---~-- )

9 FATSTD= O 4379401 (dB) 10 FASTD= 0 5979E+01 (dB)
11 SFAMEAN= O 1096E+04 (-——-= ) 12 SFASTD= O 2606E+04 (-~—-- )
13 LCR= O 1004E+01 (--~—- ) 14 LMR= O 1000E+01 (-——-- )

15 LNR= O. 9301E+02 (~~==-)

16 SFMEAN= 0. 1440E+06 (-———- )

17 SFSTD= 0. 2606E+04 (-—-—--— ) 18 FSTD= 0. 6900E-01 (dB)
19 FMEAN= 0. 321%E+02 (dB) 20 DFMEAN= 0. 2587E+02 (dB)

21 SDFMEAN= 0. {496E+0]3 (-—-~-— ) 22 NMEAN= - 7935E+02 (dBm)

23 NSTD= 0. 6900E-01 (dB)
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FROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 24
SCENARIO NO MATCHING NETWORK

RURAL AREA

FREQUENCY, 30MH:

10" MONOPOLE ANTENNA, 1 4 1n DIA

RECEIVER. f,=5, r, =100 OHMS

RG-58/U COAXIAL LINE,

INPUT VAR1ABLES, TADLE 1

FREQUENCY

I FMHZ= 0 3000E+02 (MHZ) 2 Bz 0 17006405 (H2)
TEMPERATURE

3 TC= O 2880E+03 (DEG K) 4 TM= 0. 2B80E+03 (DEC K>
S TN~ O 2880E+03 (DEG X)

ANTENNA

6 RCR= 0 1062€-02 (OHMS) 7 RAR= 0. 2556E+00 (OHMS)

8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK

9 RMR= O QO0QOE+00 (OHMS) 10 XMR= O OOO00QE+00 (OHMS)

11 A: O 1000E+01 (--—--- ) 12 RSR= 0 O000E+00 (OHMS)

RECEIVER NOISE

13 FO— O SQ30E+01 (-—-—--- ) 14 RN= 0 1000E+03 (OHMS)

15 GNO= O 2000E-01 (MHOS) 16 BNO= O Q00QE+GO (MHOS)
TRANSMISSION LINE

17 REIOR= O SOOOE+02 (OHMS) 18 IMZOR= - 4713E+00 (UHMS)

19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= Q 9540£+400 (NEPEFRS/METER>

21 DR= O 3000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 2628E+02 (dB) 23 DUFAT= 0 6910E+01 (dB3)

24 DLFAT= O 4180E+01 (dB) 25 FALSTD= 0. 4070E+01 (dB)
CONSTANTS, TABLE 2

1 T0= O 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG k)

DERIVED VARIABLES, TABRLE 3

1 We ~ 1317E+03 (dBm) 2 Z0UT= (0 2S&7E+00 . - 1000 +04) 1+ (HMS)
3 ZOR= (O SO00E+02 . ~-. 4713E+00) (OHMS)
4 REFLR= (0 9941E+00 . - 9963E-01) (-==u-)

S GAMMAR= (0 9442E-02 , O 9540E+00) (NEPERS/METER)
¥YS= (0 83530E-05 , 0. 6988E-02) (MHOS)

)
7 YNO= (0. 2000E-01 . O OOOOE+00Q) (MHOS) B8 FR= O 5263E+04 ' - '
9

FATSTD= 0. 4379€+01 (dB) 10 FASTD= O $5979E+401 (an: -
11 SFAMEAN= O 1094E+04 (——---— ) 12 SFASTD= O 2606E+04 « -
13 LCR= O 1004E+01 (—-~—-- ) 14 LMR= 0 1000E+01 (- -- )

19 LNH= 0 3094E+02 (----- )

16 SFMEAN= O 14646E+06 (-~——- )

17 SFSTD= O 2606E+04 (~---- ) 18 FSTD= 0 6876E-01 (dB)
19 FMEAN= O 3216E+02 (dB) 20 DFMEAN:: O 238BE+02 (dB)
21 SDFMEAN= 0. {302E+03 (----- ) 22 NMEAN= - 7934E+02 (dDBm)

23 NSTD= O 6876E~01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 23
o~ SCENARIO NO MATCHING NETWORK
o RURAL AREA
o FREQUENCY, 30MH:
. 10" MONOPOLE ANTENNA, 1 4 1n. DIA
- RECEIVER: £,=5. r, =100 OHMS
- RG-58/U COAXIAL LINE. K
INPUT VARIABLES, TABLE 1 .;
FREQUENCY re
1 FMHZ= O 3000E+02 (MHZ) 2 B= 0 1TO0E+05 (HI) ?k
TEMPERATURE Hﬂ.
3 TC- O 28B8B0E+03 (DEG K) 4 M= O 2B80E+03 (DEG K) -
5 TN- O 2880E+03 (DEG K) X
o
ANTENNA -
& RCR= 0 1062€E-02 (OHMS) 7 RAR= O 2596E+00 (QHMS)
8 XAR= — 1000E+04 (QOHMS)
MATCHING NETWORK
9 RMR= O OOOOE+00 (OHMS) 10 XMR= O OOOUE +00 (DHMS)
11 A= O 1000E+01 (===—- ) 12 RSR= 0 OO0QDE+00 (OHMS)
RECEIVER NOISE
13 FO= 0. SO30E+01 (~=--- ) 14 RN= 0 LOOOE+03 (OHMS)
1S GNO= O 2000E-01 (MHOS) 16 BNO= O DOOOE+00 (MHOS)
TRANSMISSION LINE
17 REZOR= O. SOOOE+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 BETAR= O 9S40E+00 (NEPERS/ME IER)
21 DR= O 2000E+00 (METERS)
ENVTRONMENTAL NOISE
22 FAMEAN= 0. 2628E+02 (dB) 23 DUFAT= 0 &910E+01 (dB)
24 DLFAT= O 4180E+01 (dB) 25 FALSTD= O 4070E+01 (dB)
CONSTANTS, TABLE 2
1 TO: 0 28B0E+03 (DEG K) 2 K= 0 I3BO0E-20 (J/DEG K)
DERIVED VARIABLES. TABLE 3
1 W= - 1317€+03 (d8m) 2 20UT= (0 2%47E+00 . -~ [COOE+04) (OHMS;
o
- 3 ZOR= (O SO00E+02 , - 4713E+00) (OHMS)
.
N 4 REFLR= (O 9941E+400 . - 9965E~01) (-----)

o
'a'L“.‘

L

N

.‘w\‘v'l,
PR ol

. ‘.j' ;-‘,- .,l‘

v
P

S GAMMAR= (0. 9442E-02 . O 9540E+00) (NEPERS/METER)
& YS= (0 3998E-03 ., O. 4910E-02) (MHOS)
7 YNQO= (O. 2000E~Q1 , O OOOOE+00) (MHOS) 8 FR= O 1061E+05 ¢

9 FATSTD= 0. 4379€E+01 (dB) 10 FASTD: O 5779R+01 (di3»

11 SFAMEAN= 0. 1096E+04 (~----- ) 12 SFASTD: () 260LE+08 ¢~ - --
13 LCR= O 1004E+01 (---== ) 14 LMR= 0 tOOOE+01 (--- -
13 LNR= O 1933€E+02 (-~-—- )

16 SFMEAN= O 1646E+0&6 (----- )
17 SFSTD= Q 2606E+04 (~—--- ) 18 FSTD= 0 687BE-01 (dB)
19 FMEAN= O 3216E+02 (dB) 20 DFMEAN= (0 2368BE+02 (dB)
21 SDFMEAN= O 1301E+03 (----- ) 22 NMEAN: - 7934E+02 (dBm)

23 NSTD= O 6878E-01 (dB)
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KR PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 22
R SCENARIO NO MATCHING NETWORK
RURAL AREA
FREGUENCY. 30MHz
L 10" MONOPOLE ANTENNA, 1 4 1n. DIA
o RECEIVER  f,=3, r, =100 OHMS
o RG-58/U COAXIAL LINE,
. INPUT VARLABLES, TABLE 1
L FREQUENCY
- 1 FMHZI= O 3000E+02 (MH2) 2 B= 0 1700E+05 (HZ)
e TEMPERATURE
RN 3 TC= O 28BB80E+03 (DEG K 4 TM= O 288B0E+03 (DEC K)
R s TN- O 2880E+03 (DEG K)
b-' S
e ANTENNA
L, & RCR= O 1062E-02 (OHMS) 7 RAR:= O 25%6E+00 (OHMS)
=T, 8 XAR= — 1000E+04 (OHMS)
MATCHING NE TWORK
@ RMR= O. OOO0E+00 (OHMS) 10 XMR= O OOOOE+00 (OHMS)
11 A+ O 1000E+01 (—-=--= ) 12 RSR= O QVOOE+00 (OHMS)
RECEIVER NOISE
13 FO- 0 S030E+01 (~—--- ) 14 RN= O LOOOE+0Q3 (OHMS)
15 GNO= O 2000E-01 (MHOS) 16 BNU= O OQO0OE+00 (MHOS)
TRANSMISSION LINE
17 REZOR= O SOOOE+02 (OHMS) 18 IMZOR= - 47{3E+00 (OHMS)
19 ALPHAR>= O 9442E-02 (NEPERS/METER) 20 BETAR= O 9940E+00 (NEFERS/METER?

21 DR: O 1000E+00 (METERS)

Vo ENVIRONMENTAL NOISE
L 22 FAMEAN= O 2628E+02 (dB) 23 DUFAT= 0 6910E+01 (di)
-, 24 DLFAT= O 4180E+01 (dB) 25 FALSTD= O 4070E+01 (dB)

CONSTANTS, TABLE 2

v

]
‘.
i

1 TO= 0. 2880E+03 (DEG K) 2 K= 0 3B0E-22 (J/DEG K)

O :
.:":. "{_.‘
o DERIVED VARIABLES, TABLE 1 N
::Z t W - 1317€+03 (dBm) 2 20UT= (O 2567E+00 . - 100CE+04) (OHMS: b

o R

i 3 20R= (O SO00E+02 . - 4713E+00) (OHMS) i

N 4 REFLR= (0. 9941E+00 . - 996SE~01) (-----) F o
}:; 5 GAMMAR= (0 9442E-02 . 0 9540E+00) (NEPERS/METER) t£:{:¢: 3
A 6 Y4= (O 1956E-08 . O 2928E-02) (MHDS) t%:};§2§¥
;{; 7 YND= (0.2000E-01 . O.00OOE+00) (MHOS) 8 FR< O 2626E+05 (- --- ) %&:%:}:L’
g 9 FATSTD= Q. 4379E+01 (dB) 10 FASTD= O 5979E+01 (dB) b

t}: 11 SFAMEAN= O 1096E+04 (----- ) 12 SFASTD= O 2606E+08 (- -~ - YO
;ﬁ: 13 LCR= O 1004E+01 (-~--- ) 14 LMR= O LOOGOE+01 (n=wc =)

::: 15 LNR= O 6139E+01 (—~~—= )

'"" 16 SFMEAN= O. 1630E+06 (--=--)

- 17 SFSTD= 0. 2606E+04 (~=---) 18 FSTD= 0 &4944E-01 (dB)

:x: 19 FMEAN= O 3212E+02 (dB) 20 DFMEAN= O 2384E+02 (dB)

v 21 SDFMEAN= O. 1487E+03 (—--—- ) 22 NMEAN= - 793BE+02 (dBm)

.t

|

23 NSTD= 0. 69446E-01 (dB)

S
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(Y PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 21
. SCENARIO- NO MATCHING NETWORK
RURAL AREA
: FREQUENCY, 30MH:
A 10" MONOPOLE ANTENNA, 1 4 in DIA
. RECEIVER  £,=5, r, =100 OHMS
o RG-58/U COAXIAL LINE,
- INPUT VARIABLES, TABLF 1
FREOQUFNCY .
1 FMHZ= O 3000E+02 (MHZ) 2 B- 0 L700E+05 (MHZ)
TEMPERATURE
3 TC: 0 2BB0E+03 (DEG K) 4 TM: O 2BBOE+03 (DEG k)
S TN O 2880E+03 (DEG K)
ANTENNA
& HCR= O 1062E-02 (OMMS) 7 RAR- O 2596£+00 ((HMG)
8 XAR= - 1000E+04 (DHMS)
MATCHING NETWORK
- 9 RMR= O OOOOE+00 (OHMS) 10 XMR: O OOCGOE +GO «OHMS )
- 11 A° O 1000E+01 (===--) 12 KSR+ O QOOOE+CO «OHMS)
. RECEIVER NOISE
o 13 FO- 0 SO30E+01 (~==~m ) 14 BN= G LOODE+NT (I1HMS)
N 15 GND= O 2000E-01 (MHOS) 16 BNO= O OOOOE +i30 + MHDS)
TRANSMISSION LINE
s 17 REZOR= O SOOOE+02 (OHMS) 18 IMZOR= - 4713£400 OHMS)
xS 19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= 0 9930E+00 NEPERS/ME (h#1
- 21 DR: 0 SOOOE-01 (METERS)
- ENVIRONMENTAL NOISE
g 22 FAMEAN= O 262BE+02 (dB) 23 DUFAT: G &710E+01 ()
- 24 DLFAT= 0 41B0E+01 (dB) 2% FALGID= © 4070F+01 (di})
CONSTANTS. TABLE 2
’l
", 1 TO- O 2880E+03 (DEG W) 2 k= O LIHOE-2Z - 0/0EG Ko
}{ DERIVED VARIABLES, TABLE 2
" 1 W =~ 1317E+03 (dBm) 2 ZOUT+ (O 2567E400 . [000E +04 1 1 1IHIY, -
3 ZUR= (O S000E+02 . - 4713E+00) (OHMS)
. 4 REFLR= (0 9941E+00 , - 9965E~01) {-----)
o S GAMMAR= (0 9442E-02 . 0. 9380E+00) (NEPERS/IE TER)
r
M & YS= (0. 8140E-06 0. 1959E-02) (MHOS)
4. ‘l
N 7 YNO= (O 2000E~01 . O OOOOE+00) (MHOS) @ FR- 0O &%alF+nh + -
9 FATSTD= O 4379E+01 (dB) 10 FASTD- O 5979E+D1 (b
i 11 SFAMEAN= O. 1096E+04 (~---~ ) 12 SFASTD" O 2606E+04 (- -
. 13 LCR= O 1004E+01 (-=~--- ) 18 LMR= O 1OOOL+01 + ---
<. 15 LNR= O 3212E401 (~~--- )
16 SFMEAN= O 1611E+406 (--——— )
< 17 SFETD= O 2606E+04 (~-—-- ) 18 FSTD= O 7025€-01 <dB)
S
s 19 FMEAN= O S207E+02 (dB) 20 DFMEAN:- O 2579E+02 (dR:
e 21 SUFMEAN= O 1470E+03 (---—- ) 22 NMEAN= - 7963E+402 (dBm)

o 23 NSTD= 0. 7023E-01 (dB)
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{ PROGRAM SONF SYSTEM OPERATING NOISE F1GURE Run 20
: SCENARIDO NO MATCHING NETWORK
RURAL AREA

FREQUENCY., 30MH:z

10" MONOPOLE ANTENNA, 1 4 1n DIA
RECEIVER fo =3, T, =100 OHMS
RG-38/U COAXIAL LINE,

R Daw
VN

"~ INPUT VARIABLES. TABLE 1

N

" FREQUFNCY

<\, I FMHMI= O 3000E+02 (MHZ) 2 B= O L17006+05 (HI)
TEMPERATURE
3 TC= O 28B0E+03 (DEG K) 4 TM. 0 2880E+03 (DEG K@
S TN O 28B0E+03 (DEG K)
ANTENNA
6 RCR= 0 1042E-02 (OHMS) 7 RAR= O 2556E+00 (OHMS)

8 XAR= - 1000E+04 (0OHMS)

MATCHING NETWORK

9 RMR= 0 O0Q0OE+00 (QOHMS) 10 XMR:= O OO000E +0O0 (OHMS)

11 A~ 0 1000E+01 (--——- ) 12 RSH:z O OQ0NOE+UO (OHMS)

RECEIVER NOISE

13 FO= O SO30E+01 (--=~-) 14 RN= O LOOOE+03 (OHMS)

15 GNO= O 2000£-01 (MHOS) 14 BNO= O O00OE+00 (MHOS)
TRANSMISSION LINE

17 REIOR= O. SO00E+02 (OHMS)> 18 IMZOR= - 4713E+D0Q (OHMS)

19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= O ?Y940E+00 (NFPERS/METER)

21 DR= 0 2000E-01 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 26428€E+02 (dB) 23 DUFAT - O &6910E+01 (dB)

24 DLFAT= QO 4)80E+01 (dB) 2% FaLSTb= 0 40708401 (dli)
CONSTANTS, TABLE 2

1 TO= O 28B8B0E+03 (DEG K) 2 K= 0 13HOE-22 (J/DEG K)

DERIVED VARIABLES. TABLE 1

1 W- ~ 1317E+03 (dBm) 2 20UT= (0 23&7E+00 LOOOE 0 1 MG
3 I0R= (0. SO00E+02 , ~ 4713E+00) (QHMS)
4 REFLR= (0. 9941E+00 . - 99653E-01) (~----)

5 GAMMAR= (0. 94432E-02 . 0O 9540L+00) (NEPERS/ME[ER)
& YSm (0 4642E-06 . 0. 13B3E-02) (MHOS)

7 YND= (0 2000E-01 . O OOQOE+00) (MHOS) 8 FR- 0 #8697k 05 « - - '

9 FATSTD= 0. 4379€+01 (dB) 10 FASTD= ¢ 5979€.01 (dli
11 SFAMEAN= O. 1096E+04 (--——- ) 12 SFASTD O Q¢D6E+NF - -
13 LCR= 0 1004E+01 (----- ) 14 LMR= O 10O0E+0O1 -

13 LNR= O 1820E+01 (—----)

16 SFMEAN= O 1594E+06 (~~—--)

17 SFSTD= 0 26046E+04 (--—-- ) 18 FSYD= 0 7103E-01 (4B
19 FMEAN= 0. 5202€+02 (dB) 20 DFMEAN= 0 ~974E+02 :(dD)
21 SDFMEAN= 0. 1434E+03 (-----~ ) 22 NMEAN= - 7968BE+02 (yBm)

23 NBTD= O 7103E-01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 19
SCENARIC NQ MATCHING NETWORK
RURAL AREA

FREQUENCY, 30Mhz

10" MONOPOLE ANTENNA, 1.4 1n DIA
RECEIVER: £,=5, n, =100 OHMS
RG~58/y COAXIAL LINE.

INPUT VARIABLES, TABLE 1

FREQUENCY

L FMHZ= 0 3000E+02 (MHZ, 2 87 G L700E+DS (HID)
TEMPERATURE

3 TC:- O 2BB0E+03 (DEG W) 4 TM- O 2BB0E+03 (DEG K)
3 TN- O 2B8B0E+03 (DEC K)

ANTENNA

& RCR= 0 1062E~02 (OHMS) 7 RAR= 0O 2BS6E+00 (OHML)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORWK

S RMR= 0. O000E+0QQ (OHMS) 10 XMR= O OL00E+00 (OHMS)
{1 A+ O 100Q0E+0) (~-——~ ) 12 RER= 0 QOQOE+0Q (OHMS)
RECEIVER NOISE

13 FO= O S030E+0) (-———- ) 14 RN= O 1000E+03 (OHMS)

15 GNO= O 2000E-01 (MHDS) 16 BNU= O QOQCE+00 (MHOS!?
TRANSMISSION LINE

17 RE7OR= O S000E+02 (OMMS) 18 IMZOR= - 4713E+Q0 (OHMS)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= O 7540E+00 (NFPERS/MEIER)

21 DR:= Q tOOQE-Ot (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 242BE+02 (dB) 23 DUFAT- O 6910F+01 (ay)

24 DLFAT= O 4180E+01 (4B) 2% FALSID: § 40708401 (dity
CDONSTANTS, TABLE 2

1 10= 0 2880E+03 (DEG W) 2 K= 0 1380E-22 1 J/DEG W

DERIVED VARIABLES., TABLE 3

1 W- ~ 1317E+403 (aBm) 2 I0UT= (0 2567E+00 - 1QO0E 04 (DMS;
3 20R= (0 SO00E+O02 , - 4713E+00) (OHMS)
4 REFLR= (0 9941E+00 . - 9P4FE-O1) (-~--=)

5 GAMMAR= <0 9442E-02 , O 9%40E+00) (NEPERS/METER)
& YS= (0 398B4E-06 . 0. 1191E-02) (MMOS)

7 YNO= (O 2000E-01 , O OOOOE+0Q) (MHOS5) B FR- O 11201 +0O4 ¢ '

9 FATSTD= 0. 4379E+01 (dB) 10 FASID: 0 S979E+01 Nt
- 11 SFAMEAN= 0. 1096E+04 (-~--~- ) 12 SFASTD= O 26NeE+0a - -
-':n
- 13 LCR= 0 [QO4E+01 (—-=—-=m) 14 LMR: 0O 100D0EYOL - oy
. 13 LNRe O 1401E+401 (-~~~ )
= 16 SFMEAN= O 1386E+06 (~~--—)
17 SFSTD= O 2604E+04 (-——-- ) 18 FSTD= O 7138F- Ut (B>
19 FMEAN= O S200€+02 (dB) 20 DFMEAN: O 2572E+02 (4D
o 21 SDFMEAN= 0. 1447E+03 (----~ ) 22 NMEAN- - 797QE+0Z (dBm)
| 23 NS1D= O 7134E-03 (dB)
b
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IV. C Effect of Transmission Line Length on System Noise

No Matching Networks, Rural Area, 30 MHz

Run 19 Transmission Line Length = 0.0l m = 0.001A
Run 20 = 0.02 m = 0.002A
Run 21 = 0.05 m = 0.005A
Run 22 =0.1 m= 0.01A
Run 23 = 0.2 m= 0.02\
Run 24 = 0.3 m= 0.03A
Run 25 = 0.4 m = 0.04A
Run 26 = 0.5 m = 0.05A
Run 27 = 0.6 m = 0.06A
Run 28 =0.7 m=0.07A
Run 29 = 0.8 m=0.08\
Run 30 = 0.9 m= 0.09A
Run 31 =1.0 m=0.1A
Run 32 =2.0 m= 0.2\
Run 33 = 3.0 m=0.3A
Run 34 = 4,0 m= 0.4
Run 35 =5,0 m= 0,5\
Run 36 = 6.0 m=0.6A
Run 37 =7.0 m=0.7A
Run 38 = 8.0 m=0.8A
Run 39 =90 m= 0.9\
Run 40 . = 10.0 m = 1.0A
Run 41 =20 m= 2,0\
Run 42 =50 m=5.0A
Run 43 = 100 m = 10.0A

-------
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PROGRAM SONF SYSTEM OPERATING NOJSE FIGURE Run 18
SCENARIO. NO MATCHING NETWORK
RURAL AREA

FREGUENCY. 88MH:

10" MONOPOLE ANTENNA, 1 4 10 DIA
RECEIVER  f, =5, 1, =100 OHMS
RG-58/U COAXIAL LINE, 1OM LENGTH

INPUT VARIABLES, TADLE 1

FREQUENCY

i FMHZ= O 8B00E+02 (MHI) 2 Bz O 17006+0% (HD)
TEMPERATURE

3 TC- O 2880E+Q3 (DEG K) 3  TM~ O 26B0E+uU3 (DEG K}
5 TN= O 2880E+03 (DEG K)

ANTENNA

& RCR= 0 1B19€E~02 (OHMS) 7 RAR= O 2199E+01 (UHMS
8 XAR= - 3409E+03 (OHMS)

MATCHING NETWORK

9 RMR= O (QO0Q0E+0Q (OHMS) 10 XMR: O QODOE+0C (OHMS!
11 A: Q 1000E+01 (~=--- ) 12 RSR~ O OOQOE+OQ (UHMS!
RECEIVER NOISE

13 FO= 0 SQ30QE+Q1 (~=—=~ ) 14 RN O 1000E+C] (OHMS)

15 GNO= O 2000E-01 (MHOS) 16 BNO= O O0J0E+00 (MHOS)
TRANSMISSION LINE

{7 REZOR= O S5000E+02 (OHMS) 18 IMZOR: - S7008+00 (OHM !
19 ALPHAR= O 1644E-01 (NEPERS/METER) 20 BETAR= O 2798E+01 (MEFERS/METER -

21 DR:= O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 1334E+02 (48) 23 DUFAT- O 9140F r01 (adl

24 DLFAT= 0 2760E+01 (dB) 2% FALSTD= O 27940+01 «dDBy
CONSTANTS. TABLE 2

1 T0= 0 )8BOE+03 (DEG K) 2 K= 0 13B0E-22 (L/DEG B

DERIVED VARIABLES, TABLE 3

1 W~ =~ 1317£+03 (dBm) 2 20UT= (Q. 2a01b+01 .« ~ JAQ9YE +03) (IHMG
3 Z0R= (0 SOOOE+02 , - 2700E+00) (OHMS)
4 REFLR= (O 9546E+00 . ~ 2862E+00) (-----)

5 GAMMAR= (0. 1646E-01 , 0. 2798L+01) (NEPERS/METER)
6 YS=- (0. 3380E-02 ., -. 2B14E-02) (MHOS)

7 YNO= (0. 2000E-01 , O OOOOE+00) (MHOS) 8 FR: O 1344E+02 -~ '

9 FATSTD= 0. 4885E+01 (dB) 10 FASTD: O 6IBE+01 4

11 SFAMEAN= 0. 4993E+02 (~—~~~ ) 12 SFASTD= O 1083007 «c - -
13 LCR= O 1001E+01 (~=~=) 34 LMR= O 1000 D1 1+ - -=m
19 LNR= O. {B834E+03 (-—~-—)

16 SFMEAN= 0. 291%E+04 (-——-~ )

17 SFSTD= O. 1043E+403 (~---=) 18 FSTD= 0 1800E+00 (dB)
19 FMEAN= O 3400E+02 (dB) 20 DFMEAN= 0 2066E+00 (dU}
21 SDFMEAN= O. 5036E+02 (-—~--) 22 NMEAN= - 9770E+02 (dlim)

23 NSTD= 0. 1800E+00 (dB)
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PROGRAM SONF  SYSTEM OPERATING NUISE F IGURE Run 17
SCENARIO NO MATCHING NETWORK

RESIDENTIAL AREA

FREGUENCY, B88MH.

10" MONOPOLE ANTENNA. | 4 1n  DIA

RECEIVER. £, =3, ry =100 OHMS

RG-58/U COAXIAL LINE. 10M LENGIH

INPUT VARIABLES. TADLE !

FREQUENCY

1 FMHZ= O 8B00E+02 (MHI) OB O 170040 H2
TEMPERATURE

3 TC= 0 28B0E+03 (DEG K) @ TM O QURCE4AGY (LEG k
S TN O IBBOE+Q3 (DEG K)

ANTCNNA

6 RCR= O 1BIPE-02 (OHMS) 7 RAR- O J19GE 401 N, .

8 XAR= - 3409E+03 (0OHMS)

MATCHING NETWORK

bl b Bras -4 Buih S o sk and and uba o

9 RMR= O QO00E+QQ (OHMS) 1O XMi - G OHGL sy tOHME +

11 A= O 1000E+01 (~---- ) 12 RSP O OUHOE «uG (O

RECEIVER NOISE

13 FO= O SO30E+01 (——-—- ) 1A AN-. O 100LE+U. (MY

15 GNO= O 2000E-01 (MHODS) 16 BNO O OOGOR GG (MHO S -
TRANSMISSION LINE

17 REZOR= O 3000E+02 (0HMS) 18 IMZIR STOUR SO OHME,

19 ALPHAR= 0O 1646E-01 (NEPERS/METER) 20 BETAR- O /7’93l +Q01 (KEPERS/MF 1H -

21 DR- O. 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= C 1B44E+02 (dB) 23 DUFAL- O 172451 o, 1 dis

24 DLFAT= O S420E+01 (dB) 25 FALSTL- O e QE+OL cgp
CONSTANTS, TABLE *

1 TD= O 28BBOE+03 (DEG X) 2 K 0O I3ROF-Z¢ LU BFG

DERIVED VARIABLES. TARLE 2

I Wr -~ 1317403 (dBm) G TOUT (O 2otk e SAGYE 4L
3 I0R= (0 SOO0E+02 ., -~ R700E+00) (OHMS)
4 REFLR= (0 9546E+0C . -~ 2862E+0Q0) + - --

5 GAMMAR= (0 1644E-01 . O 2798E+01) (NEPERS/METHR -

6 YS= (0.33B0E-02 , -~ 2B\L6E-02) (MHOS,

7 YNO= (C. 2000E-01 , O. QOCOE+00) (MHOZ, ©H FR O 1 14+,

9 FATSTD= O 7173E+01 (dB} 10 FASTD O " 990 s oq
11 SFAMEAN= O 3664E+03 (~—--— ) 12 SFASTL O 1200 s

13 LCR= O 1001E+0) (----- ) 14 LMt O Lo s H

15 LNR= O 1834E+03 (---~-)

16 SFMEAN= O Q2831E+04 (~---—- )

17 SFSTD= O 1800E+04 (~~---~) 18 FSID= O M5Utk+s 1 il
19 FMEAN= O 337B8E+02 (dB) 20 DFMEAN= O 191410 (A
21 SDFMEAN= O 7727E+01 (----- ) 22 NMEAN- - 97920407 dlim:

23 N8TD= O 2331E+01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE FI1GURE Run 16
SCENARIO NO MATCHING NETWORK

BUSINESS AREA

FREQUENCY, 88MH:

10" MONOPOLE ANTENNA, 1 4 in  DIA

RECEIVER £, =5, 1, =100 OHMS

RG-58/U COAXTAL LINE. 1OM LENGTH

INPUT VARL1ABLES, TADBLE 1t

F REQUENCY

1 FMHZI= O B8800E+02 (MHZ) 2 BT O L7008+0Y (H
TEMPERATURE

3 TC= 0 2680E+03 (DEG K 4 TM- O I8R0E+03 (DG K>
5 TN- O 2880E+03 (DEG W)

ANTENNA

& RCR= 0 1819E-02 (QHMS) 7 RAR: O 2199F+01 ((HMS
8 XAR= - 3409E+03 (0QHMS)

MATCHING NETWORK
9 RMR= Q0 OOQOE+00 (OHMS) 10 XMR: O OQUOE+T0 «OHMG)
11 A O 1000E+01 RSKH-: O QUIGE+NG «DHMS)

|
1
|
[}
i
—
rS

RECEIVER NOISE

13 FO= O 5030E+01 (——--—— ) 14 RN O tOODE+NS (IMs)

15 GNO= 0 200Q0E-01 (MHDS) L& BNO - O OOQOE+CO (MHOL)
TRANSMISSION LINE

17 REZOR= O 3000E+02 (OHMS) 18 IMIOR=: - 070Uk +00 (UHMS)

19 ALPHAR= 0. 1646E-01 (NEPERS/METER) Q0 BETAR = (b 2/98F +01 (NEIERS/ME 1t i

21 DR= O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2293E+02 (dB) A3 DUFAT= G 12240 dis:

24 DLFAT= - 9S00E+O1 (dB) 2% FALSID - 0 8320&+01 14D
CONSTANTS. TABLE ©»

1 TO= 0 2BBOE+03 (DEG K 2 K= O 13B0F-22 (J/DEG W

DERIVED VARTABLES, TAHLE .3

1 W= - 1317E+03 (dBm) 2 I0UT s (O 22d18+8,) JAOOE €25 cukt -
3 Z0R= (0 SO00E+02 , - 2700E+00) (OHMS)
4 REFLR= (0 9546E+00 , - 2862E+00) (-----)

S GAMMAR= (0 1646E~-Q1 , 0. 279BK+01) (NEPERS/ME [ER "
&  YS:= (0. 3380E-02 , -. 2816E-02) (MHOS)

7 YNO= (D 2000E-01 ., O. 000OE+00) (MHOS) B +R o+ 1443k s .

9 FATSTD= O 5222€+01 (dB) 10 FASTD O 98 2 w01 Lai
. 11 SFAMEAN= O 2531E+404 (--—-- ) 12 SFASTD O 4098E vus
:: 13 LCR= O 1001E+01 (----- ) 19 LMR= O LOOUE+NT » -
< 15 LNR= O 1834E+03 (--—-- )
16 SFMEAN= O. S016E+04 (-——-- )
17 SFSTD= 0. 3298E+05 (----- ) 18 FSID= 0 B4aY4E+01 «(dDB»
19 FMEAN= O 2877E+02 (dB) 20 DFMEAN= O 3837F+01 (41"
21 SDFMEAN= 0. 1966E+01 (—--=- ) 22 NMEAN= ~ LO29E+03 (dfm}

23 NSTD= O B8434E+01 (dB)
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W PROGRAM SONF SYSTEM OPERATING NO1SE FIGURE Run 29 ]
' SCENARID: NO MATCHING NETWORK i
RURAL AREA PR
o>, FREQUENCY, 30MH: - .
N 10" MONOPOLE ANTENNA, 1 4 in DIlA -
N RECEIVER: €,=5, 1, =100 OHMS
- RG-58/U COAXIAL LINE,
Y
»
R~ INPUT VARIABLES, TABLE 1
FREQUENCY
1t FMHZ= O 3000E+02 (MHZ) 2 B= O 1700E+05 (HZ)
.
AR TEMPERATURE
- 3 TC= 0.2880E+03 (DEG K) 4 TM: O 28B0E+03 (DEG K
- 5 TN= O 2880E+03 (DEG K)
LIS
"o
. ANTENNA
6 RCR= 0 1062E~02 (0OHMS) 7 RAR= 0. 2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)
MATCHING NETWORK
% RMR= O OOOOE+00 (OHMS) 10 XMR= O. QODOE+00 (OHMS)
11 A O 1000E+01 (==---- ) 12 RSR= 0. OOVOE+00 (OHMS)
RECEIVER NOISE
13 FO= O SO30E+01 (==—== ) 14 RN= 0. 1OOCE+03 (OHMS)
15 GNO= O 2000E-01 (MHOS) 16 BNO= O. OOQOE+00 (MHOS)
TRANSMISSION LINE
17 REZOR= O. SOOOE+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= O. 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)

21 DR:= O BOOOE+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 262BE+02 (dB) 23 DUFAT= ( &4910E+01 (dH)

24 DLFAT= O 41890E+01 (dB) 25 FALSTD= O 4070£+01 (dR)
CONSTANTS. TABLE 2

1 TO- O 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEGC K

DERIVED VARIABLES, TABLE 3

i W= - 1317E+03 (dBm) 2 I0UT= (0. 2567E+00 . - 1000E+04} (OHMS .
3 Z0R= (0 SO00E+02 . - 4713E+400) (OHMS)
4 REFLR= (0 9941E+00 . - 9965E-01) (----= )

5 GAMMAR= (0. 9442E-02 : O 9540E+00) (NEPERS/METFR)
6 YS= (0. 1410E-03 , 0 2114E-01) (MHOS)

7 YNO= (0. 2000E-01 . O OOOQOE+00) (MHOS) B FR= 0O 6016F+03 (--- -

9 FATSTD= Q 4379E+01 (dB) 10 FASTD= O S979E+01 (dl) ::;252:3
11 SFAMEAN= 0. 1096E+04 (--—-- ) 12 SFASTD: O 2606E+04 (- --—-) :i“i"ﬁ%
ot
13 LCR= O 1004E+01 (~---- ) 14 LMR= 0 1000E+01 (- - - ;{\54:.
DI e |

15 LNR= O 2633E+03 (----- ) >

16 SFMEAN= O 1&614E+06 (—--—- )

17 SFSTD= O 2604E+04 (~——~- ) 18 FSTD= O 7015E-01 (dB)
19 FMEAN= O S208E+Q2 (dB) 20 DFMEAN=x= O 2579E+02 (dB)
21 SDFMEAN= 0. 1472E+403 (----- ) 22 NMEAN= - 7963E+02 (dBm)

23 NSTD= 0 701SE-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 30
SCENARIO NO MATCHING NETWORK
RURAL AREA

FREQUENCY, 30MH:

10" MONQPOLE ANTENNA, 1 4 in DIA
RECEIVER f5 =5 1, =100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARILABLES. TABLE 1

FREQUENCY

I FMHZ= O 3000E+02 (MHZ} 2 B= 0 1700E+0% (H2)
TEMPERATURE

3 TC= 0. 2880E+03 (DEG K) 4 TM= O 26880L403 (DEG K)
S TN: O 288B0E+03 (DEG K)

ANTENNA

6 RCR= 0 1062E-02 (QHMS, 7 RAR=: () 29956E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK

9 RMR= O 0000E+00Q (OHMS) 10 XMR= O OOOOE+0OUL (UHMS)
11 A= O 1000E+01 (---~- ) 12 RSR ° O O0COVOE+Q0 (OHMS)
RECEIVER NOISE

t3 FO= 0. 5030E+01 (~—-—- ) 14 RN= O JOOUE +0N3 (OHMS)

15 GNO= O 2000E-01 (MHUS) 16 BNO: O OQUOOE+00 (MHOS)
TRANSMISSION LINE

17 REZOR= O S000E+02 (OQHMS) 18 IMZOR- - 4/13E+00 (OHMS)
19 ALPHAR= O 9442€E-02 (NEPERS/METER) 20 BETAR= Q 9540€+00 (NFPERS/MLIFR)

21 DR= 0 9000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0O 262BE+02 (dB) 23 DUFAT= G &Y10E+01 «di})

24 DLFAT= O 4180E+01 (dB) 2% FALS(D= O 4070E+01 (dls)
CONSTANTS. TABLE 2

1 TG= O 2880E+03 (DEG W) 2 W= 0 13uuk-22 (J/DEG w?

DERIVED VARIABLES, TABLE 1

1 W= -~ 1317E403 (dBm) 2 I0UT= (0 USHTE+N0 - 100E ¢4 - (OHM:,
3 I0R= (0 S000E+02 . - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 . ~ 99&43E~01) (----- )

5 GAMMAR= (0 9442E-02 , 0 9540E+00) (NEPERG/MEITEK:

6 YS= (0 2332E-03 , 0. 2565E-01) (MHOS)

7 YNO= (0. 2000E-01 ., O OOOOE+00) (MHDS) B8 FRw O 4%46F+0.2

9 FATSTD= O. 4379E+01 (dB) 10 FASTD= Q0 5979b+01 ¢db!

11 SFAMEAN= O 1096E+04 (—~—-~ ) 12 SFASTD: 0 2s50&E+04 + -- 9
13 LCR= O 1004E£+401 (~~-—- ) 14 LMR= O 1000F+0t ( - - )

15 LNRs O 3%00E+03 (---—- )

16 SFMEAN= 0. 1609E+06 (-—--- )

17 SFS8TD= O 2606E+04 (~-——- ) 18 FSTD= 0 /036F-01 (dB)

19 FMEAN= O SQ046E+02 (dB) 20 DFMEAN= O 257BE+02 (dB)

21 SLFMEAN= O. 146BE€+03 (--—---— ) 22 NMEAN= - 7964E+02 (dBm)

23 NS1D= O 7036E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 31
SCENARID NO MATCHING NETWORK
RURAL AREA

FREQUENCY, 30MH:z

10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER: f5=3, 1, =100 OHMS
RG-38/U COAXIAL L.INE.

INPUT VAR1ABLES. TADLE ¢

FREQUENCY

1 FMHZ= 0 3000€E+402 (MHZ) 2 B= 0 1700E+05 (HI)
TEMPERATURE

3 TC= O 2880E+03 (DEG W) 4 TM= 0 2880E+03 (DEG K)
S TN= 0. 28B0E+03 (DEG K)

ANTENNA

& RCR= 0 1062E-02 (OHMS) 7 RAR= 0. 2556E+00 ((HMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK

9 RMR= 0. 0000E+00 (OHMS) 10 XMR= O OQOOE+00 (OHMS)
11 A: O 1000E+0) (=~—--- ) 12 RSR= 0 OOOOE+O00 (OHMS)
RECEIVER NOISE

13 FO= 0. SO30E+01 (——~—- ) 14 RN= 0. 1000E+03 (OHMS)

15 GNO= 0 2000E-0t (MHOS) 16 BNO= O OOOOE+00 (MHOS)
TRANSMISSION LINE

17 RE20R= (. 3000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)

21 DR- O 1000E+01 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 2428E+02 (dB) 23 DUFAT= 0 6910E+01 (dB)

24 DLFAT= O 41B0E+01 (dB) 25 FALSTD= O 4070E+01 (dB)
CONSTANTS, TABLE 2

1 TO- 0 2880E+03 (DEG W) 2 K= 0 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W= - 1317E+03 (dBm) 2 I0UT= (0. 2567E+00 . -~ 1000E+04) ({HMS:
3 I0R= (0 SOO00E+02 ., - 4713E+00) (OHMS)
4 RFFLR= (0 9941E+00 . - 99435E-01) (-=-—— )

5 GAMMAR= (0 9442E-02 , O 9340E+00) (NEPERS/METER)
6 ¥S- (0 3921E-03 , 0. 3141E-01) (MHOS)

7 YNO= (0. 2000E-01 . O. O0QOE+00) (MHOS) 8 FR= 0. 354BE+03 (-----)

9 FATSTD= 0 4379E+01 (dB) 10 FASTD: O 5979E+01 (dB)
11 SFAMEAN= 0. 10946E+04 {--—-- ) 12 SFASTD: O 2606E+04 (-—---)
13 LCR= O 1004E+01 (—~—-- ) 14 LMR= O 1000E+01 (-=-~=-)

15 LNR= 0. 4473E+403 (—~~—=)

16 SFMEAN= 0. 160%E+06 (-=--- )

17 SFSTD= 0. 2606E+04 (-~-—-) 18 FSTD= O 7035E-01 (dB)
19 FMEAN= 0. S203E+02 (dB) 20 DFMEAN= O 2577E+02 (dB)
21 SDFMEAN= 0. 1444E+03 (~~-—-) 22 NMEAN= - 7963E+02 (dBm)

23 NSTD= O. 7093€-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE
SCENARIO NO MATCHING NETWORK
RURAL AREA
FREGQUENCY, 30MH:
10" MONOPOLE ANTENNA, 1 4 in.  DIA
RECEIVER £, =5 1, =100 OHMS
RG-38/U COAXTAL L.INE,

INPUT VARIABLES: TADLE 1

FREQUENCY
1 FMHZ= 0 3000E+02 (MHZ) 2 B- 0 1700E+05 (HD)

TEMPEHATURE
3 TC- 0 2880E+03 (DEG K) 4 TM:= Q. 2880E+03 (DEG K
5 TN O 288B0E+03 (DEG K)

ANTENNA
& RCR= 0 1062E-02 (0OHMS) 7 RAR= O 2556E+400 (0OHMS)
8 XARx - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= O 0000E+Q0 (OHMS) XMR = O O000E+0Q (OHMS)
11 A= 0 1000E+0O1 RSR= Q. 0000E+0Q0 (OHMS)

RECEIVER NOISE
13 FO—- 0 S5030E+01 RAN= 0. 1000E+03 (OHMS)
15 GNO= O 2000E-01 (MHOS) BNO=- O O000E+QQ (MHOS)

TRANSMISSION LINE

17 REZOR= O 3000E+02 (OHMS) IMZOR= ~ 4713E+00 (OHMS)

19 ALPHAR= O 9442E-02 (NEPERS/METER) BETAR= 0 9540E+00 (NEPERS/MEIER)
21 DR= O 2000E+0t1 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0. 2628E+02 (dB) 23 DUFAT= O &%10E+01 (dB)
24 DLFAT= O 4180E+01 (dB) 23 FALSTD= 0. 4070E+01 (dB)

h

CONSTANTS, TABLE 2

TO= O 28B0E+03 (DEG K) 2 K= 0. 1380E-22 (J/DEG K)

2l

DERIVED VARIABLES. TABLE 3

«a_d L4 Nes

-

20"

]
e
“'.
L

W= -~ 1317E+403 (dBm) 2 ZI0UT= (O 29&7E+00 . - 100Q0E+04) (OHMS)
I0R= (O SO00E+0Q02 . - 4713E+00) (OHMS)

REFLR= (O 9941E+00 . - 9965E-01)

GAMMAR= (0 9442E-02 . O 9540E+00) (NEPERS/METER)

¥S= (0 3172E-02 , - 4889E-01) (MHOS)

YNO= (0. 2000E~01 , O. OOOOE+00) (MHOS) B FR= 0. 8933E+02 (--=--)

FATSTD= O 4379E+01 (dB) 10 FASTD: O 5979E+01 (dB)

SFAMEAN= O 1094E+04 ( 12 SFASTD= O 2606E+04 (---- )

LCR= O 1004E+01} 14 LMR= O 1000E+01

LNR= O 1738E+04

SFMEAN= O 1988E+06 (

SFETD= O 2606E+04 (--—-=~) 18 FSTD= O 7126E-01 (dB)
FMEAN= O 35201E+02 (dB) 20 DFMEAN= O 2373E+02 (dB)
SDFMEAN= O 1449E403 (-----) 22 NMEAN= - 7969E+02 (dBm)

NSID= O 7126E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 33
SCENARIO NO MATCHING NETWORK
RURAL AREA

FREGQUENCY, 30MHy

10" MONOPOLE ANTENNA, 1.4 1n DI1A

RECEIVER: £y, =5, 1, =100 OHHS '
RG-53/VU COAXI1AL LINE.

INPUT VARIABLES, TADLE §

FREQUENCY

1 FMHZ= 0 3000E+02 (MHI) 2 B= 0 1700E+03 (H2)
TEMPERATURE
3 TC- 0 2880E+03 (DEG K) 4 TM: O 288B0E+03 (DEG K)
S TN O 2880E+03 (DEG K)
ANTENNA
6 RCR= 0 1062E-02 (QHMS) 7 RAR= O 2556E+00 (DHMS)
8 XAR= -~ 1000E+Q4 (OHWMS)
MATCHING NETWORK

9 RMR= O OO0QOE+QQ (QOHMS) 10 XMR= O OO0OOE+00 (OHMS)
11 A= O 1000E+01 (~—-~—) 12 RSR= 0. O000E+00 (OHMS)
RECEIVER NOISE

13 FD~ O 5030€+01 (—=~-~ ) 14 RN= O LOOOE+03 (QHMS)

15 GNO= 0 2000E-01 (MHOS) 14 BNO= 0. O0OO0E+00 (MHOS)
TRANSMISSION LINE

17 REZOR= O S000E+Q2 (OHMS) 18 IMZOR:= - 471JE+00 (OHMS)
19 ALPHAR= O 9442E~02 (NEPERS/METER) 20 BETAR= O 9540E+00 (NEPERS/METER)

21 DR: O 3000E+01 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2628E+02 (dB) 23 DUFAT= O &910E+01 (dB)

24 DLFAT= O 41B0E+01 (dB) 23 FALSTD= O 4070£+01 (dB)
CONSTANTS, TABLE 2

1 TO= O 2880E+03 (DEG K) 2 W= 0.1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W= - 1317E+03 (dBm) 2 Z0UT= (0 2567E+00 . - LOOOE+04) (OHMS:

3 Z0R= (O SO00CE+02 . - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 . - 9965E-01) (—~-—- ) “::b :':\:\Zn"

S GAMMAR= (O 9442E-02 . O 93540E+00) (NEPERS/METER) ::-_::::::::

6 YS~ (O 6514E-03 , - 4665E-02) (MHOS) ::__::::‘-:
\ 7 YNO= (O 2000€E-01 . O OQOOE+00) (MHDS) 8 FR: Q 63BAE+OZ (----- ' .'~i~g'».'r“ ;
; 9 FATSTD= O 4379E+01 (dB) 10 FASTD: O SP79E+01 (dB)
f:j- 11 GFAMEAN= O LOP4E+04 (——--- ) 12 SFABTD: 0O R6OSE+04 (~-=--1 :.::::::‘:::‘L;
:.:. 13 LCR=® O 1004E+01 (~---- ) 14 LMR= O 1000E+01 (----- ) ;-,:‘:::::::}5;:
- AN
'y 13 LNR= O 2402E+04 (-~--—- ) IS
| 16 SFMEAN= O 1999E+0& (-———= ) .’ :

17 SFETD= O 2BOLE+04 (~-——- ) 18 FSTD= O 7079E-01 (4B} KSESIR A

19 FMEAN= O S204E+02 (dB) 20 DFMEAN= O 2573E+02 (dB) F\.\':\ -G

21 SDFMEAN= 0. 1439E+03 (----= ) 22 NMEANs - 7946E+02 (dBm) ::3:?_“;\_.}:3}1‘\

23 NSTD= 0 7079E-01 (dB) AR EALS
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 34
SCENARIC NO MATCHING NETWORK
RURAL AREA

FREQUENCY, 30MHz

10" MONOPOLE ANTENNA:, 1.4 1n DIA
RECEIVER £, =9, r, =100 OHMS
RG-38/U CUOAXIAL LINE,

INPUT VARIABLES, TADLE 1

FREGQUENCY

1 FMHI= O 3000E+02 (MHZ) 2 B= 0 t700E+05 (HZ)
TEMPFRATURE

3 TC= O 28B0E+03 (DEG W) 4 TM= O 2BBOE+03 (DEG K)

5 TN- O 2880E+03 (DEG K)

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR:~ 0 2356E+00 (OHMS)

8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= O QOOOE+QQ (OHMS) 10 XMR'= 0. 000QE+00 (OHMS)
11 A= O 1000E+01 (-~-—~ ) 12 RSR= 0. 000GE+Q0 (OMMS)

RECEIVER NOISE
13 FO= Q S030E+01 (~-—=-— ) 14 RN~ O 1000E+03 (OHMS)

15 GNO= O 2000E-01 (MHOS) 16 BNO= O O0OQE+00 (MHOS)

TRANSMISSION LINE
17 REZOR= 0. SOO0E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= O. 9442E-02 (NEPERS/METER) 20 BETAR= O 9540E+00 (NEPERS/METER)

21 DR~ Q. 4000E+01 (METERS)

ENVIRCNMENTAL NOISE
22 FAMEAN= 0. 2628E+02 (dB) 23 DUFAT= 0. 6910E+01 (dBH)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD= 0. 4070E+01 (dB}

CONSTANTS, TABLE 2

1 TO= Q0 28R0E+03 (DEG K) 2 #= 0 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3 **

1 W= ~ 1317E+03 (dBm) 2 ZOUT= (O 2967E+400 , ~ 1000E+04) (OHMS)

3 20R= (0 SO00E+02 , ~.4713E+00) (OHMS)

4 REFLR= (0. 9941E+00 . - 9969E-01) (--—-- )

5 GAMMAR= (0O 9442E-02 , O 9540E+00) {(NEPERS/ME TER)

&6 YS= (0 1199%€-02 ,» 0. 1766E-01) (MHOS)

7 YNO= (O 2000E-01 ., O. OQOOE+00) (MHOS) 8 FR- O 6071E+02 (--- -
9 FATSTD= O 4379€E+01 (dB) 10 FASTD= O 35979€+01 (dB)

11 SFAMEAN= 0. 1096E+04 (-----) 12 SFASTD= O 2606E+04 ( —-

13 LCR= 0 1004E+01 (~=~=-) 14 LMR= 0. 1000E+01 (-~~~ -- ) .
19 LNR= O 264BE+04 (~—~—~)

16 SFMEAN= O [62BE+06 (——~-=)

17 SFSTD= 0 2606E+04 (-—=-==) 18 FSTD= O &964E-01 (dB)
19 FMEAN= 0. 3211E+02 (dB) 20 DFMEAN> 0. 2383E+02 (dB) >
21 SDFMEAN= O. 1483€+03 (-----) 22 NMEAN= - 7939E+02 (dBm)

NS1D= 0. 6964E-01 (dB)



PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 35
SCENARIO NO MATCHING NETWORK
RURAL AREA
FREGUENCY. 30MH:
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER €5 =9 T, =100 OHMS
RG-38/U CDAXIAL LINE,
INPUT VARIABLES, TABLE 1

FREQUENCY
1 FMHZ= O 3000E+02 (MHZ) 2 B= 0 L700E+05 (H2»

TEMPERATURE

3 TC= 0 28BOE+03 (DEG W) 4 TM: O 28B0E+03 (DEG K)
S TN O 2880E+03 (DEG K)

ANTENNA

&4 RCR= O 1062E-02 (OHMS) 7 RAR= O 23S56E+00 (DHMS)
8 XAR=z - 1000E+04 (OHMS)

MATCHING NE TWORK

9 RMR= O O000E+Q0 (OHMS) 10 XMR-= O OOOOQE+00 (DHMS)
11 A= O 1000E+01 (-———- ) 12 RSR= 0. O000E+QQ (OHMS)
RECEIVER NOISE

13 FO= O 3030E+01 (----- ) 14 RN= O 1000OE+03 (DHMS)

1% GNO= O 2000E-01 (MHOS) 16 BNO= 0. O0OOQE+00 (MHOS)
TRANSMISSION LINE

17 REZOR= O 3000E+02 (OHMS) 18 IMIOR:= - 4713E+00 (OHMS)
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= O 93540E+00 (NEPERS/METER)
21 DR= O S5000E+01 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 2628E+02 (dB) 23 DUFAT= 0 6210E+401 (dW)
24 DLFAT= O 41B0E+01 (dB) 25 FALSTD= O 4070E+01 (dB)
CONSTANTS, TABLE 2

T0= 0 28BO0E+03 (DEG W) 2 K= 0 13B0E-22 (J/DEG K

DERIVED VARIABLES, TABLE 3

Z0OR= (O 3000€+02 . -—. 4713E+00) (OHMS)

REFLR= (0 9941E+00 ., - 9965E-01) (~=--- )

GAMMAR= (0 9442E-02 , 0. 9340E+00) (NEPERS/METER)

YS= (0. 7066E-01 . - 1540E+00) (MHOS)

YNO= (0 2000€-01 . O. O000E+00) (MHOS) 8 FR:+ 0 4223E+02 (-----)
FATSTD= O. 4379E+01 (dB) 10 FASTD~ O 3979E+01 (dB>

SFAMEAN= O. 10946E+04 (----- ) 12 SFASTD= O 2606E+04 (--—-—-)

LCR= 0 J004E+01 (-=~~-- ) 14 LMR= 0. 1000E+Q1 (==~ -=)
LNR= O 3797€+04 (——-—- )

SFMEAN= O. 1421E+06 (-—---)

SFSTD= O 2606E+04 (~—--- ) 18 FSYD= O 4983E-0! (dB)
FMEAN= 0. S210E+02 (dB) 20 DFMEAN= O 2581E+02 (dB)
SDFMEAN= O. 1479€+403 (---—-~ ) 22 NMEAN= - 7961E+02 (dBm)
NSTD= 0. 6983E-01 (dB)
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PROGRAIM SONF SYSTEM OPERATING NOISE F IGURE Run 36
SCENARIO NO MATCHING NETWORK

RURAL AREA

FREQUENCY. 30MH:

10" MONOPOLE ANTENNA, 1.4 1n. DIA

RECEIVER £,=5 1, =100 OHMS

RG-58/U COAXIAL L INE,

INPUT VARIABLES, TABLE |

<

FREQUENCY

1 FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)
TEMPERATURE

3 TC~ O 2830E+03 (DEG K) 4 TM: O 28B0E+03 (DEG K)
5 TN: O 28B0E+03 (DEG K)

ANTENNA

6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0. 2S536E+00 (DHMS)
8 XAR= ~ 1000E+04 (OHMS)

MATCHING NETWORK

? RMR= O CGOOOE+0QQ (OHMS) 10 XMR-: O. OOOOE+CO (OHMS)
11 A~ O 1000E+01 (~—-—- ) 2 RSR:= 0. OO00E+00 (OHMS)
RECEIVER NOISE

13 FO- O 5030E+01 (~—~=- ) 14 RN= 0. 1000E+03 (OHMS)

15 GNO= O 2000E-~01 (MHOS) 16 BNO= 0. O000E+O00 (MHOS)
TRANSMISSION LINE

17 REZOR= O 5C00E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 BETAR= 0 93540E+00 (NEPERS/METER)
21 DR: 0O 600Q0E+01 (METERS)
ENVIRONMENTAL NOISE
22 FAMEAN= 0. 2628E+02 (dB) 23 DUFAT= O 6910E+01 (dB)
24 DLFAT= O 41BOE+01 (dB) 2% FALSTD= 0 4070E+01 (dB)

CONSTANTS, TABLE 2
1 TO-- 0 2880E+03 (DEG K) 2 W= O 1380E-22 (J/DEG K)
DERIVED VARIABLES, TABLE 3

1 W~ - 1317E+03 (dBm) 2 10UT= (0 2567E+00 . - 1QOOE+0Q) (0DHMS:
3 IZ0R= (0 SOQ00E+Q2 . - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 . -~ 9963E-01) (----- )

S GAMMAR= (0 9442E-02 . O 9540€E+00) (NEPERS/METER)
& YS= (0 1600E~-02 . -~ 1110E-01) (MHOS)

7 YNQ= (0. 2000E-01 . O OOOOE+QO0) (MHOS) 8 FR= 0O 3389E+02 (----- )
9 FATSTD= O 4379€+01 (dB) 10 FASTD:x O 5979E+01 (dB?

11 SFAMEAN= 0. 1096E+04 (~=--— ) 12 SFASTD™ 0. 2606E+04 (- ---)
13 LCR= 0 1004E+01 (----- ) 14 LMR= 0. 1C  7+01 (~----)

13 LNR= O A743E+04 (----- )

16 SFMEAN= O 1626E+06 (~—--- )

17 SFSTD= 0. 2606E+04 (--—-- ) 18 FSTD= O 6962E-01 (dB)

19 FMEAN= O 3211E+02 (dD) 20 DFMEAN= 0. 2983E+02 (dB)
21 SDFMEAN= O 1483€+03 (----- ) 22 NMEAN= - 7939€+02 (dBm)

- NSTD= O 6962E-01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 37
SCENARIG NO MATCHING NETWORK
RURAL AREA
FREQUENCY, 30MH:
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER  £,=5. 1, =100 OHMS
RG-58/U COAXIAL LINE,
INPUT VARLABLES, TADLE |
FREGUENCY
1 FMHZ= O 3000E+02 (MHZ) 2 B= O 1700E+05 (HZ)
TEMPERATURE
3 TC= 0. 2880E+03 (DEGC K) 4 TM- O. 2BBOE+03 (DEG K)
5 TN- O 2880E+03 (DEG K)
ANTENNA
&6 RCR= O 1062E~02 (OHMS) 7 RAR= 0 2956E+00 (OHMS)
B XAR= - 1000E+04 (0QHMS)
MATCHING NETWORK k- Ty
% RMR= O OOOOE+00 (OHMS) 1O XMR:= O ODOOE+00 (OHMS) b ]
11 A= O 1000E+01 (—===- ) 12 RSR= O OOOODE+00 (OHMS) SR
[
RECETVER NOISE ARG
13 FO= O SO30E+01 (~—-—= ) 14 RN= O 10OOE+03 (OHMS) AR
15 GNO= O 2000E-01 (MHOS) 16 BNO=: O OOOOE+Q0 (MHOS) RO AES
AT
TRANSMISSION LINE “-",m
17 REZOR= O. S000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS) |
19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= O 9340E+00 (NEPERS/ME TER ) MolE
21 DR- 0. 7000E+01 (METERS) S
u- S p_\»:i
ENVIRONMENTAL NOISE :‘:{&ff<
22 FAMEAN= O 2628E+02 (d8) 23 DUFAT= 0. 6910E+01 (dB) AR
24 DLFAT= O 41BOE+01 (dB) 25 FALSTD= C. 4070E+01 (dB) ,;fxiﬂ:§}
CONSTANTS, TABLE 2
1 TO= O 2880E+03 (DEG K} 2 W= 0. 13B0E-22 (J/DEG K)
DERIVED VARIABLES., TABLE 3
1 W= - 1317E+03 (dBm) 2 Z0UT= (0 25&7E+00 . - 1000E+D4) (UHMS:
3 ZOR= (O SOQOE+02 . — A4713E+00) (OHMS)
4 REFLR= (0 9941E+00 . —-. 9965E-01) (~=-—=)
S GAMMAR= (0 9442E-02 . 0. 9540E+00) (NEPERS/METER)
6 Y¥S= (0. 1540E-02 . 0. 949%E-02) (MHDS)
7  YNQ= (0. 2000E-01 . O.0OQ00E+00) (MHOS) 8 FR:= O. 3300E+02 (----- )

9 FATSTD= Q. A4379E+01 (dB)

11 SFAMEAN= O. 1096E+04 (——==— y
13 LCR= O 1004E+01 (--—-- )

13 LNR= O. 4938E+04 (----- )

16 SFMEAN= 0. 1634E+06 (-—-~- )
17 SFSTD= O 2604E+04 (—~——=)
19 FMEAN= O 9218E+02 (dB)

21 SDFMEAN= 0. 1309E+03 (—-~=-)

23 NSTD= C 4B43E-01 (dB)

Efah St Bt A Bl e A by S e S

10 FASTD= 0. 5979E+01 (dB)

12 SFASTD~= 0. 2606E+04 (-~~~}

14 LMR= 0. 1000E+01

(mm =)

18 FSTD= 0. 6843E~01 (dB)
20 DFMEAN= O. 2590E+02 (dB)

22 NMEAN= - 7932E+02 (dBm)
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l PROGRAM SONE SYSTEM DPERATING NDISE FIGURE Run 38
. SCENARIO NO MATCHING NETWORK
2 RURAL AREA
- FREQUENCY. J30MMz
N 10" MONOPOLE ANTENNA. 1 4 in  DIA
. RECEIVER  f,=5, r =100 OHMS
- RG-58/U CDAXIAL LINE,
l INPUT VARLABLES, TABLE 1
. FREQUENCY
- 1 FMH2Z= 0 3000E+02 (MH1) 2 B= 0 L700E+05 (HZ)
- TEMPERATURE
- 3 TC- 0 2BEOE+03 (DEG K) 4 TM O P8H0E+03 (DEG W)
\ S TN: O 2B8B0E+03 (DEG K)
ANTENNA
& RCR= O 1062E-02 (OHMMS) 7 RAR= O 2596E+00 (OHMS)
8 XAR= - 1000E+04 (OMMS)
, MATCHING NE TWORK
' 9 RMR= 0 OODOE+00 (OHMS) 10 XMR= O OOOOE+00 (OHMS)
11 A= O 1000E+01 (—=~~--) 12 RSR> O OOOOE+00 (OHMS)
. RECEIVER NOISE
. 13 FO~ O SO30E+01 (----= ) 14 RN= O 1000CE+03 (DHMS)
ﬂ 15 GND= O 2000E-01 (MHOS) 16 BNO= O OOQOE+00 (MHOS)
i TRANSMISSION LINE
y 17 REZOR= O S000E+02 (OHMS) 18 IMZOR:= ~ 4713E+00 (OHMS)
- 19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= O 9940E+00 (NEPERS/METER)
. 21 DR= O BOCOE+01 (METERS)
- ENVIRONMENTAL NOISE
22 FAMEAN= O 262BE+02 (dB) 23 DUFAT= O &6910E+01 (dB)
' 24 DLFAT= O 41BOE+01 (dB) 25 FALSTD= O 4070E+01 (dB)
. CONSTANTS. TABLE 2
- 1 TO= O 2880E+03 (DEG K) 2 4= 0 1380E-22 (J/DEG W)
DERIVED VARIABLES, TABLE 3
' 1 W - 1317E403 (dBm) 2 Z0UT= (0 2567E+00 . - 1000E+04) ((HMS: ™
o 3 Z0R= (O SO00E+02 . ~ 4713E+00) (DHMS) '
- 4 REFLR= 10 9941E+00 . - 996SE~01) (-- --- )
. S GAMMAR= (0 9442E-02 ., O 9540E+00) (NEPERS/METER)
i & vYS= (0 4258E-01 , 0. 9652E-01) (MHOS)
: 7 YNO= (O 2000€-01 . O OOOOE+00) (MHOS) B8 FR: O 2B11E+02 (--- - )
. 9 FATSTD= 0 4379E+01 (dB) 10 FASTD+ 0. 5979E+01 (dB)
. 11 SFAMEAN= O 1094E+04 (-~~~ ) 12 SFASTD= O 2606E+04 (-~~~ )
: 13 LCR= O 1004E+01 (-—--~ ) 14 LMR= O 1000E+01 (== -==)
i 15 LNR= 0 SB4SE+04 (---—- )
. 16 SFMEAN= O 1641E+406 (~-—-- ) v
: R IIO
, 17 SFSTD= O 2604E+04 (—-~-—- ) 18 FSTD= O 6B1%E-01 (dB) z.-_~_;&‘(
r-:'.u .-. -
; 19 FMEAN= 0 S220£+02 (dB) 20 DFMEAN= O 2892E+02 (dB) n:d\*{%fk'
At
A
! 21 SDFMEAN= O 1919E+03 (—--—- ) 22 NMEAN= — 7950E+02 (dBm) Fu’\i:-’\ ‘
73 NS1D= 0 &813E-01 (dB) 3
R
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PROGRAIM SONF  SYSTEM OPERATING NOISE FIGURE Run 39
SCENARIO NOC MATCHING NETWORK
RURAL AREA

FREQUENCY. 30MH:

10" MONOPOLE ANTENNA, 1.4 in DIA
RECEIVER fo =9, 7,=100 OHMS
RG-58/VU COAXIAL LINE.

INPUT VARLIABLES, TABLE 1

FREQUENCY
1 FMHZI= O 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)

TEMPERATURE
3 TC= O 2BBOE+03 (DEG K) 4 TM- O 2880E+03 (DEG K)
S5 TN= 0. 2880E+03 (DEG K)

ANTENNA

& RCR= 0 1062E-02 (0OHMS) 7 RAR= 0. 2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK

9 RMR= O OOOOE+00 (OHMS) 10 XMR:= 0. OO00E+00 (OHMS)
11 A= 0. 1000E+01 (----~ ) 12 RSR= Q OQOOE+00 (OHMS)
RECEIVER NOISE

13 FO= 0 5030E+01 (=-=-~- ) 14 RN= 0. 1000E+03 (0OHMS)
15 GNO= 0. 2000E-01 (MHOS) L6 BNO= O QOOOE+00 (MHOS!
TRANSMISSION LINE

17 REZIOR= O SO00E+02 (OHMS) 18 IMIOR= - 4713E+00 (0IIMS)

19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= 0. 9540E+00 (NEPERS/METER)
21 DR- O 9000E+01 (METERS) ‘

ENVIRONMENTAL NOISE

22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT= 0. 6910E+01 (dB)

24 DLFAT= O 41BOE+01 (dB) 25 FALSTD= 0. 4070E+01 «(dB)
CONSTANTS, TABLE 2

1 TO= O 2880E+03 (DEG K) 2 W= 0 13R0E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W= ~ 1317E+03 (dBm) 2 I0UT= (0 2547E+00 . ~—. 1000E+04) (OHMS)
3 Z0R= (Q S5000E+02 ., - 4713€E+00) (OHMS)
4 REFLR= (0 9941E+00 . - 9965E-01) (-=~=- )

5 GAMMAR= (0 9442E-02 . 0 9540E+00) (NEPERS/METER)
6 VYS= (0 3595E-02 . -. 1981E-01) (MHOS)

7 ¥YNO= (0 2000€E-01 . O QOOOE+00) (MHDS) 8 FR= 0O 2343E+02 (--~---)

9 FATSTD= O 4379E+01 (dB) 10 FASTD= 0. 5979E+01 (dB)

11 SFAMEAN= O 1096E+04 (--~-- ) 12 SFASTD= O 2406E+04 (----- )
13 LCR= 0 1004E+01 (----- ) 14 LMR= O. 1000E+01 (-——--- )

15 LNR= Q 7008E+04 (-—--- )

16 SFMEAN= O 16460E+06 (—-——- )

17 SFSTD= 0. 2606E+04 (--~--- ) 18 FSTD= O &6818E-01 (d4B)

19 FMEAN= O 3220€+02 (dB) 20 DFMEAN=: O 2392E+02 (dB)

21 SDFMEAN= O 1514€+403 (----- ) 22 NMEAN= -. 7950E+02 .dBm)

")

NSTD= O 4818E-01 (dB)
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PROGRAM SONF

SCENARIG NO MATCHING NETWORK
RURAL. AREA
FREQUENCY. 3OMHZ
10" MONOPOLE ANTENNA., 1 4
RECEIVER  f,=5, r, =100 OHMS

RG-58/U CDAXIAL LINE.

SYSTEM OPERATING NOISE FIGURE

INPUT VARIABLES, TABLE 1

FREQUENCY

I FMHZ= C 3000E+02 (MHZ)
TEMPERATURE

3 TC: O 2880E+03 (DEG K)
S TN: O 2880E+03 (DEG W)
ANTENNA

& RCR= O 1062E-02 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MAT(HING NETWORK

Run 40
D1A
2 B= 0 L700E+05 (M2)
4 TM 0O 2880E+03 (DEG K)

7 RAR= 0. 29556E+00 (OHMS)

(NEPERS/ME TER

1000E+04)

¥ RMR= 0 0000E+00 (OHMS) tO XMR = O Q00OE+00 (OHMS?

11 A- O 1000E+01 (-—--=) < RSR: 0 Q000E+00 (OHMS)

RECEIVER NOISE

13 FO- O S03Q0E+01 (~---- ) 14 RN= O LO00OE+03 (OHMS)

15 GNO= O 2000E-01 (MHOS) 14 BNO= O QQQ0E+Q0 (MHOS)»

TRANSMISSION LINE

17 RE7OR= O 3000E+02 (0UHMS) 18 IMZOR-= - 4713E+00 (OHMS)

19 ALPHAR= (O 9442E-02 (NEPERS/METER) 20 BETAR:= 0O 9540E+00

21 DR: O 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= O 262B8E+02 (dB) 23 DUFAT= O &910E+01 (dB)

24 DLFAT= O 41BOE+01 (dB) 2% FALSTD= O 4070E+01 (dB)

CONSTANTS, TABLE 2

1 TO= O 28B0E+03 (DEG K) 2 W= 0 1380E-22 (J/DEG K)
DERIVED VARIABLES. TABLE 3

1 W= - 1317E+03 (dBm) 2 I0UT= (0 2567t+00 , -~

3 ZOR= (0 SO00E+02 ., - 4713E+00) (OHMS)

4 REFLR= (0 9941E+400 , -~ 9965E~-0Q1) (~---== )

5 GAMMAR= (0 9442E-02 . O 9540E+00) (NEPERS/ME(ER)

& YS= (0 1913E-02 ., 0. 3321£-02) (MHODS)

7 YNO= (0. 2000E-01 . O OOQOE+00) (MHOS) 8 FR- 0.2271E+402 (----)

9 FATSTD= O 4379€E+01 (dB) 10 FASTD= O 5979E+01 (dB!

1

-

SFAMEAN= O 1096E+04 (--~-—— )

13 LCR= O 1004E+01

15 LNR= O 7348E+04 (--—--)

16 SFMEANx O 16B6E+06&

(—=~=m)

17 SFSTD= O 2606E+04 (~—-~- )

19 FMEAN= O 3227E+02 (dB)

21 SDFMEAN= O ‘1938E+03 (-—~--- )

")

NSTD= O 6712E-01 (dB)

12 SFASTD= O 2606E+04 (----

14 LMR= O 1000E+01 (-

s

18 FSTD> 0. 6712E-01 (dB)

20 DFMEAN= 0. 23599E+02 (dB)
22 NMEAN=

- 7943F+02 (dBm)

1
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FROGRAM SUNF  SYSTEM OPERATING NOISE F IGURE Run 4]
SCENARIO NGO MATCHING NETWORK

RURAL AREA

FREQUENCY, 30MMz

10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER f, =9, r, =100 OHMS
RG-58/U COAXIAL LINE.

INPUT VARIABLES, TABLE 1

FREQUENCY
1 FMHZ= O 3000E+02 (MH2) 2 B= O 1700E+05 (HZ)

TEMPERATURE
3 TC: O 2B80E+03 (DEG K) 4 TM= 0 2BBOE+03 (DEG W)
S TN: O 28BOE+03 (DEG K)

ANTENNA
6 RCR= O 1062E-02 (OHMS) 7 RAR= O 29556E+00 (OHMS)
8 XaR= - 1000E+04 (0OMMS)

MATCHING NETWORK

% RMR= O OQOQ0E+00 (OHMS) 1Q XMR:= 0 O000E+0Q (OHMS)

11 A= O 100CE+01 (---~-) 12 RSR~ 0. O000E+00 (OHMS)

RECEIVER NOISE

13 FD- O S030E+01 (-—=-—- ) 14 RN= O 1000E+03 (OHMS)

15 GNO= O 2000E-01 (MHOS) 16 BNO= O 0000E+Q0 (MHOS)
TRANSMISSION LINE

17 REZOR= O S000E+02 (OHMS) 18 IMIOR:= - 4713E+00 (OHMS)

19 ALPHAR= O 9442E-02 (NEPERS/METER) 20 BETAR= O 99540E+00 (NEPERS/METER)

21 DR: O 2000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= O 2628E+02 (dB) 23 DUFAT= O 6910E+01 (dB)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD= 0. 4070E+01 (dB)

CONSTANTS, TABLE 2

1t TOo= 0 2880E+03 (DEG K) 2 #= 0 13BOE-22 (J/DEG W)

DERIVED VARIABLES, TABLE J

1 W= - 1317E+03 (dBm)} 2 I0UT= (0 23567€E+00 . - 1000E+Q4) (0OHMS)
3 I0R= (0 S000E+02 , - 4713E+00) (OHMS)
4 REFLR= (0 9941E+00 . - 9965%E-01) (~~w=- )

S GAMMAR= (0 9442E-02 . O 9540E+00) (NEPERS/METER)

& YS5= (Q 3988E-02 . 0. 5580E-02) (MHOS)

7 YNO= (0. 2000E-01 . O OOOOE+00) (MHOS) 8 FR» O. (224E+402 (~----)
9 FATSTD= O 4379E+01 (dB) 10 FASTD= 0 S5979E+01 (dB)

11 SFAMEAN= O 1096E+04 (-~--- ) 12 SFASTD~ O 2606E+04 (---~--)
13 LCR= O 1004E+01 (~—-—-- ) 14 LMR= O. 1000E+01 (--~--)

19 LNR= O 1499E+03 (~-—=- )

16 SFMEAN= O {893E+06 (——~-- )

17 SFSTD= O 2604E+04 (----~~ ) 18 FSTD= 0. 6109E-01 (dB)

19 FMEAN= O 326BE+02 (dB) 20 DFMEAN= O 2439E+02 (dB)

21 SDFMEAN= 0. 14690E+03 (—~---) 22 NMEAN= - 7902E+02 (dBm)

23 NSTD= O 6109E-01 (dB)
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PROGRAM SONF  SYSTEM OPERATING NOISE FIGURE Run 42
SCENARIOQ NO MATCHING NETWORK

RURAL AREA

FREQUENCY, 30MH:

10" MONOPOLE ANTENNA. t 4 in DIA

RECEIVER £, =5, 1, =100 OHMS

RG-58/U COAXIAL LINE.

INPUT VARIABLES, TABLE |

FREGQUFNCY
I FMHZI= O 3000E+02 (MH2) 2 B= 0 1700E+05 (H2)
TEMPERATURE
3 TC= © 2880E+03 (DEG K) 4 TM= O 28BOE+03 (DEG K)
9 TN O 2880E+03 (DEG K)
ANTENNA
& RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (0OHMS)
8 XAR= - 1QO0E+04 (0OHMS)
MATCHING NETWORK
? RMR= 0 Q00CQE+0Q0 (OHMS) 10 XMR:= O OQOOE+00 (OHMS)
11 A~ O 1000E+01 (-—~-- ) 12 RSR:= 0. OOO0E+00 (BHMS)
RECETVER NOISE
13 FO- O SO30E+01 (----- ) 14 RN:= 0 1000E+03 (OHMS)
15 GNO= O 2000E-01 (MHOS) 16 BNO= 0. O000E+00 (MHDS)
TRANSMISSION LINE
17 REZOR= O S5000E+02 (OHMS) 18 IMZOR:= — 4713E+00 (OHMS)
19 ALPHAR= 0. 9442E-02 (NEPERS/METER) 20 PETAR= O 9540E+00 (NEPERS/METER)

21 DR= O 5000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0. 2428E+02 (dB) 23 DUFAT= 0. 6910E+01 (dB)
24 DLFAT= 0 41B0E+01 (dB) 2% FALSTD= O 4070E+01 (dB)
CONSTANTS, TABLE 2
1 TQ= 0 2880E+03 (DEG W) 2 #®= 0. 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 33
1 W= - 1317E+403 (dBm) 2 Z0UT= (0. 2547E+00 . - 1000E+04) (QOHME)
3 I0R= (0 S000E+02 , - 4713E+00) (OHMS)
4 REFLR= (0 9941E+00 , - 996%E-01) (~-—-- )
3 GAMMAR= (0 9442E-02 . O 9540£E+00) (NEPERS/METER)
& YS= (0 1207E-01 , 0. 1070E-01) (MHOS!
7 YNO= (0. 2000E-01 ., O OOQOE+00) (MHQS) 8 FR= 0 &K498E+0Q1 (~~-~-)
9 FATSTD= Q. 4379€E+01 (dB) 10 FASTD= Q. 35979E+01 (dB)
11 SFAMEAN= O 1094E+04 (----- ) 12 SFASTD=~ O 2606E+04 (----~-)
13 LCR® O J004E+Q1 (——--- ) 14 LMR= O 1000E+01 (-——-~ )
15 LNR= O 4244E+03 (-=-~-=)
16 SFMEAN= O 2782€+406 (----- )
17 SFSTD= 0 2606E+084 (~----) 18 FSTD= O 4068E-~01 (dB)

19 FMEAN= O 3444E+02 (4B)
21 SDFMEAN= O 2338E+03 (--~--~- i

23 NSTD= O 4068E-01 (dB)

160

20 DFMEAN= O 2816E+02 (dB)

22 NMEAN= - 7726E+02 (dBm)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 43 N

SCENARIO. NO MATCHING NETWORK ==
RURAL AREA .*
FREQUENCY. 30MHz RS
1G" MONOPOLE ANTENNA, 1.4 in DIA el
RECEIVER. £ =5, r, =100 OHMS RRRA

RG~58/U COAXIAL LINE, .

INPUT VARIABLES, TABLE 1

FREQUENCY

1 FMHZI= O J00QE+02 (MHZI) 2 B= 0 1700E+05 (H2)
TEMPERATURE

3 TC= O 2880E+03 (DEG K) 4 TM- 0. 2880E+03 (DEG W)
5 TN 0O 2880E+03 (DEG K)

ANTENNA

& RCR= 0 10462E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)
8 XAR= - 1C000E+04 (OMMS)

MATCHING NETWORK

? RMR= O QQ000E+00 (OHMS) 10 XMR= 0. QOOOE+Q0 (OHMS)
11 A: O 1000E+01 (-—-—- ) 12 RSR:= 0. O000E+00 (OHMS)
RECEIVER NOISE

13 FO= O S030E+Q1 (~-~-~=) 14 RN= O 1000E+03 (OHMS)

15 GND= O 2000E-01 (MHOS) 16 BNO= O OQOOE+00 (MHOS)
TRANSMISSION L INE

17 REZOR= O 3000E+02 (ONMS) 18 IMZDR= - 4713E+00 (DHMS)
19 ALPHAR= O 9442€E-02 (NEPERS/METER) 20 BETAR= 0 9340E+00 (NEPERS/METER)

21 DR= 0. 1000E+03 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= Q. 26428E+02 (dB) 23 DUFAT= O 6910E+01 (d4B)

24 DLFAT= O 4180E+01 (dB) 25 FALSTD= 0 4070€+01 (dB)
CONSTANTS, TABLE 22

1 TO= O 28BOE+03 (DEG W) 2 K= 0 13BOE-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

1 W= - 1317E+03 (dBm) 2 I0UT= (0 2567E+00 . - 1000E+04) (OHMS)
2 ZDR= (0 SO00E+02 , - 4713E+00) (DHMS)
4 REFLR= (0 9941E+00 , - 9965E-01) (--~-- )

9 GAMMAR= (0 9442E-02 . 0. 9340E+00) (NEPERS/METER)
6 YS= (0. 2441E-01 ., O S318E-02) (MHOS)

7 YNO= (0. 2000E-01 . 0. OO0OE+00) (MHQS) 8 FR= 0. 5223%E+01 (--~--.)

9 FATSTD= Q. 4379£+01 (dB) 10 FASTD> O 3979E+01 (dB)

11 SFAMEAN= 0. 1096E+04 (-~—--=) 12 SFASTD= 0. 2606E+04 (---- )
13 LCR= O 1004E+0Q1 (-=—~-- ) 14 LMR= 0 1000E+01 (~—--- )

15 LNR= O 1260€E+06 (~=--- )

16 SFMEAN= 0. 6623E+06 (——-=~1]

17 SF8TD= O 2606E+04 (~=---) 18 FSTD= 0. 1710E-01 (dB)
19 FMEAN= O 3B21E+02 (dB) 20 DFMEAN= 0. 3193E+02 (dB)
21 SDFMEAN= O &4041E+0Q3 (-—-~- ) 22 NMEAN= - 7349E+02 (dBm)

23 NSTD= 0. 1710E-01 (dB)
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